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NUCLEIC ACID CONSTRUCTS AND METHODS FOR PRODUCING 

ALTERED SEED OIL COMPOSITIONS 

FIELD OF THE INVENTION 
The present invention is directed to recombinant nucleic acid molecules, constructs, 
S and other agents associated with the coordinate manipulation of multiple genes in the £itty acid 
synthesis pathway. In particular, the agents of the present invention are associated with the 
simultaneous enhanced expression of certain genes in the &tty acid synthesis pathway and 
suppressed expression of certain other genes in the same pathway. The present invention is 
also directed to plants incorporating such agents, and in particular to plants incorporating such 
1 0 constructs where the plants exhibit altered seed oil compositions. 

BACKGROUND 

Plant oils are used in a variety of applications. Novel vegetable oil conq>ositions and 
improved approaches to obtain oil compositions, from biosynthetic or natural plant sources, are 
needed. Depending upon Hie intended oil use, various difTerent &tty acid compositions are 
1 5 desired. Plants, especially species which synthesize large amounts of oils in seeds, are an 
inq>ortant source of oils both for edible and industrial uses. Seed oils are composed almost 
entirely of triacylglycerols in which fatty acids are esterified to the three hydroxy! groups of 
glycerol. 

Soybean oil typically contains about 16-20% saturated fatty acids: 13-16% palmitate 
20 and 3-4% stearate. See generally Gunstone et al.^ The Lipid Handbook, Chapman & Hall, 
London (1994). Soybean oils have been modified by various breeding methods to create 
benefits for specific markets. However, a soybean oil that is broadly beneficial to major 
soybean oil users such as consiuners of salad oil, cooking oil and fiying oil, and industrial 
markets such as biodiesel and biolube markets, is not available. Prior soybean oils were either 
25 too expensive or lacked an important food quality property such as oxidative stability, good 

fiied food flavor or saturated fat content, or an important biodiesel property such as appropriate 
nitric oxide emissions or cold tolerance or cold flow. 

Higiher plants synthesize fatty acids via a common metabolic pathway — the fatty acid 
synthetase (FAS) pathway, which is located in the plastids. P-ketoacyl-ACP synthases are 
30 important rate-limiting enzymes in the FAS of plant cells and exist in several versions, 

ketoacyl-ACP synthase I catalyzes chain elongation to palmitoyl-ACP (CI 6:0), whereas p- 
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ketoacyl-ACP synthase H catalyzes chain elongation to stearoyl-ACP (C18:0). p-ketoacyl-ACP 
synthase IV is a variant of p-ketoacy 1-ACP synthase II. and can also catalyze cham elongation 
to 18:0-ACP. In soybean, the n^jor products of FAS are 16:0-ACa> and 18:0-ACP. The 
desatuiatian of 18:0-ACP to form 18:1-ACP is catalyzed by a plastid-localized soluble delta.9 
5 desaturaseCalsoreferredtoas-stearoyl-ACPdesaturase"). SeeVod^ etal..S2Annu. Rev. 

Plant PhysioL Plant MoL Biol. 335-61 (2001). 

The products of the plastidial FAS and delta-9 desaturase. 16:0-ACP, 18:0.ACP. and 
1 8: 1-ACP. are hydrolyzed by specific thioestetases (FAT). Plant ihioesteiases can be classified 
into two gene families based on sequence homology and substrate preference. The first femily . 
10 FATA includes long chain acyl-ACP tiiioesterases having activity primarily on 18:1-ACP. 



Enzymes 



mil 



ACP (stearoyl-ACP). and 18:1-ACP (oleoyl-ACP). Such thioesterases have an important role 
in detemmiing chain length during de novo fetty acid biosynthesis in plants, and thus these 
enzymes are usefijl in the provision of various modifications of fetty acyl compositions, 
15 particularly wifli respect to die relative proportions of various fetty acyl groups that are present 
in seed storage oils. 

The products of the FATA and F ATB reactions, the fiee fetty adds, leave the plastids 
amiareconverted to theirrespectiveacyl-CoA esters. Acyl-Co As are substrates for the Hpid- 
biosynthesis pathway (Kemiedy Pathway), which is located in the endoplasmic reticulum (ER). 
20 This pathway is responsible for membrane lipid formation as weU as Ae biosynttiesis of 

triacylglycerols. which constitute the seed oil. Li the ERAere are additional membnme-bound 
desaturases. M*ich can fiirtha: desaturate 18:1 to polyunsaturated fetty acids. A delta-12 
desaturase (FAD2) catalyzes the insertico of a double bond into 18:1. forming linoleic acid 
(18:2). A delta-15 desaturase (FAD3) catalyzes the insertion of a double bond into 18:2, 

25 fonning linolenic acid (1 8:3). 

Many complex biochemical pathways have now been manipulated genetically, usually 
by suppression or over-expression of single genes. Further exploitation of the potential for 
plant genetic manipulation will require the coordinate manipulation of multiple genes in a 
pathway. A number of approaches have been used to combine transgenes in one plant - 

30 including sexual crossing, retransforniation,co-transfornMition. and the use oflinked 

transgenes. A chimeric transgene wife Imked partial gene sequences can be used to 
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coordinately suppress numerous plant endogenous genes. Constructs modeled on viral 
polyproteins can be used to simultaneously introduce multiple coding genes into plant cells. 
For a review, see Halpin et al^ Plant MoL BioL 47:295-3 10 (2001). 

Thus, a desired plant phenotype may require the expression of one or more genes and 
the concurrent reduction of expression of another gene or genes. Thus, there exists a need to 
simultaneously over-«press one or more genes and siqjpress, or down-regulate, the expression 
of a ano&er gene or genes in plants using a single transgenic construct 



SUMMARY OF THE INVENTION 
The present invention provides a nucleic acid molecule or molecules, which when 
1 0 introduced into a cell or organism are capable of suppressing, at least partially reducing, 
reducing, substantially reducing, or effectively eliminating the expression of at least one or 
more endogenous FAD2y FADS, or FATB RNAs while at the same time coexpressing, 
simultaneously expressing, or coordinately producing one or more RNAs or proteins 
transcribed from or encoded by beta-ketoacyl-ACP synthase I, beta-ketoacyl-ACP synthase IV, 
1 5 delta-9 desaturase, or CP4 EPSPS, plant cells and plants transformed with the same, and seeds, 
oil, and other products produced from the transformed plants. 

Also provided by the present invention is a recombinant nucleic acid molecule 
conq)rising a first set of DNA sequences that is capable, when expressed in a host cell, of 
suppressing the endogenous expression of at least one, preferably two, genes selected from the 
groi^ consisting of FAD2, FADS, and FATB genes; and a second set of DNA sequences that is 
capable, when expressed in a host cell, of increasing the endogenous expression of at least one 
gene selected from the group consisting of a beta-ketoacyl-ACP synthase I gene, a beta- 
ketoacyl-ACP synthase IV gene, and a delta-9 desaturase gene. 

Further provided by the present invention is a recombinant nucleic acid molecule 
con?)rising a first set of DNA sequences that is capable, when expressed in a host cell, of 
forming a dsRNA construct and suppressing the endogenous expression of at least one, 
preferably two, genes selected from the group consisting of FAD2, FADS, and FATB genes, 
where the first set of DNA sequences comprises a first non^oding sequence that e^qiresses a 
first RNA sequence that exhibits at least 90% identity to a non-coding region of a FAD2 gene, a 
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first antisense sequence that expresses a first antisense RNA sequence capable of fonning a 
double-stranded RNA molecule with the first RN A sequence, a second non-coding sequence 
that expresses a second RNA sequence Aat exhibits at least 90% identity to a non^g 
region of a FADS g^c, and a second antisense sequence that expresses a second antisense 
5 BNA sequence capable of formmg a double-stranded RNA molecule with the second RNA 

sequence; and a second set of DNA sequences that is capable, when expressed in a host ceU. of 
increasing the endogenous expression of at least one gene selected from fte group consisting of 
a beta-ketoacyl-ACP synthase I gene, a beta-ketoacyl-ACP synthase IV gene, and a delta-9 
desaturase gene. 

10 The present invention provides methods of transforming plants with these recombinant 

nucleic acid molecules. Tlie methods include a method of producing a transformed plant 
having seed with an increased oleic acid content, reduced saturated fetty acid content, and 
reduced polyunsaturated fatty acid content, comprising (A) transfomring a plant cell with a 
recombmant nucleic acid molecule which comprises a first set of DNA sequences that is 
15 capable, when expressed in a host cell, of suppressing the endogenous expression of at least 
one. preferably two. genes selected from the group consisting otFAD2, FADS, and FATB 
genes, and a second set of DNA sequences that is capable, when expressed in a host cell, of 
increasing the endogenous expression of at least one gene selected fromlhe group consisting of 
a beta-ketoacyl-ACP synthase I gene, a beta-ketoacyl-ACP synthase IV gene, and a delta-9 
20 desaturase gene; and (B) growing the transformed plant, where Ihe transformed plant produces 
seed with an increased oleic acid content, reduced saturated fe«y acid content, and reduced 
polyunsaturated fetty acid content relative to seed from a plant having a similar genetic 
background but lacking the recombinant nucleic acid molecule. 

Further provided are methods of transforming plant cells with &e recombinant nucleic 
25 acid molecules. Themethodsincludeamethodof altering the oil composition of a plant ceU 
comprising (A) transforming a plant cell with a recombinant nucleic acid molecule which 
comprises a first set of DNA sequences that is capable, when expressed in a host cell, of 
suppressing the endogenous expression of at least one. preferably two. genes selected from the 
group consisting otFAD2, FADS, and FAW genes, and a second set of DNA sequences that is 
30 capable, when expressed in a host cell, of increasing the endogenous expression of at least one 
gene selected from tiie group consisting of a beta-ketoacyl-ACP synthase I gene, a beta- 
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ketoacyl-ACP synthase IV gene, and a delta-9 desaturase gene; and (B) growing the plant cell 
under conditions where transcription of the first set of DNA sequences and the second set of 
DNA sequences is initiated, where the oil conq>osition is altered relative to a plant cell with a 
similar genetic background but lacking the recombinant nucleic acid molecule. 
S The present invention also provides a transformed plant comprising a recombinant 

nucleic iacid molecule which comprises a first set of DNA sequences that is capable, when 
expressed in a host cell, of suppressing the endogenous expression of at least one, preferably 
two, genes selected fi-om the group consisting of FAD2, FADS, and FATB genes, and a second 
set of DNA sequences that is capable, when expressed in a host cell, of increasing the 

10 endogenous expression of at least one gene selected from the groiq) consisting of a beta- 

ketoacyl-ACP synthase I gene, a beta-ketoacyl-ACP synthase IV gene, and a delta-9 desaturase 
gene. Further provided by the present invention is a transformed soybean plant bearing seed, 
where the seed exhibits an oil composition which conq>rises 55 to 80% by weight oleic acid, 10 
to 40% by weight linoleic acid, 6% or less by weight linolenic acid, and 2 to 8% by weight 

1 5 saturated fatty acids, and feedstock, plant parts, and seed dmved firom the plant 

The present invention provides a soybean seed exhibiting an oil composition 
comprising 55 to 80% by weight oleic acid, 10 to 40% by weight linoleic acid, 6% or less by 
weight linolenic acid, and 2 to 8% by weight saturated &tty acids, and also provides a soybean 
seed exhibiting an oil coziq>osition comprising 65 to 80% by weight oleic acid, 10 to 30% by 

20 weight linoleic acid, 6% or less by weight linolenic acid, and 2 to 8% by weight of saturated 

&tty acids. Also provided by the present invention are soyfoods conoprisiug an oil composition 
which conqirises 69 to 73% by weight oleic add, 21 to 24% by weight linoleic acid, 0.5 to 3% 
by weight linolenic acid, and 2-3% by weight of saturated fatty acids. 

The crude soybean oil provided by the present invention exhibits an oil composition 

25 conqjrising 55 to 80% by weight oleic acid, 10 to 40% by weight linoleic add, 6% or less by ' 
weight linolenic acid, and 2 to 8% by wdght saturated fatty acids. Another crude soybean oil 
provided by the present invention exhibits an oil cong)osition comprising 65 to 80% by weight 
oldc acid, 10 to 30% by weight linoleic acid, 6% or less by wdght linolenic acid, and 2 to 8% 
by wdght of saturated &tty acids. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-4 each depict exemplary nucleic acid molecule configurations; 
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nOS. 5 «ri 6 »ch depic. fflusttaive confi^Sons of . ». of DNA se^o^; 

and 

1. 7-15 each depict nucleic acid nu>lecules of the present invention. 



FIGS. 



DETAILED DESCRIPTION OF THE INVENTION 
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n, -rrirti-TTT -^^T-^^Jn'^l^i^ Acid Sequences 

SEQ ID NO: 1 is a nucleic acid sequence of a FAD2-1A intron 1 . 
SEQ ID NO: 2 is a nucleic acid sequence of a FAD2-1B intron 1 - 
SEQ ID NO: 3 is a nucleic acid sequence of a FAD2-1B promoter. 
SEQ ID NO: 4 is a nucleic acid sequence of a FAD2.1A genomic clone. 
SEQ ID NOs: 5 & 6 are nucleic acid sequences of a FAD2.1A 3' UTR and 

respectively. ^ ^ a >i « aw 

SEQ ID NOs: 7-13 are nucleic acid sequences of F^3-i^ introns 1, 2. 3A. 4, 5, 3B, 

and 3C, respectively. 

SEQ ID NO: 14 is a nucleic acid sequence of a FAD3-1 C intron 4. 
SEQ IDNO: 15 is anucleic acid sequence of a partial F^3-i^ genomic clone. 
SEQ ID NOs: 16 & 17 are nucleic acid sequences of. FAD3-1A rUTK and 

respectively. , 

SEQ IDNO: 18 is a nucleic acid sequence of a partial F^i-iB genomic clone. 

SEQ ID NOs: 19-25 are nucleic acid sequences of F.lD3-i5 introns 1. 2, 3A, 3B, 3C. 

20 4, and 5, respectively. 

SEQ ID NOs: 26 & 27 are nucleic acid sequences of a FAD3-1B 3'inR and 5'Um 

respectively. 

SEQ ID NO: 28 is a nucleic add sequence of a F42B genomic clone. 

SEQ ID NO: 29-35 are nucleic acid sequences of FAW introns I. n. m, IV, V. VI, and 

25 Vn, respectively. 

SEQ ID NOs: 36 & 37 are nucleic add sequences of a F47B 3'UTR and 5'UTO, 

respectively. 

SEQ IDNO: 38 is anucldc add sequence of a Cuphea pulcherrima KAS J 

SEQ ID NO: 39 is a nucldc add sequence of a CupJiea pulcherrima KASJVMpoc. 
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SEQ ID NOs: 40 & 41 are nucleic acid sequences of Ricinus communis and 
Simmondsia chinensis delta-9 desaturase genes, respectively. 

Definitions 

'^ACP^ refers to an acyl carrier protein moiety. ^'Altered seed oil composition'' refers 
5 to a seed oil conq>osition from a transgenic or transformed plant of the invention which has 
altered or modified levels of the fatty acids therein, relative to a seed oil from a plant having a 
similar genetic background but that has not been transformed. '^Antisense suppression** refers 
to gene-specific silencing that is induced by the introduction of an antisense KNA molecule. 
'^Coe^qpression of more than one agent such as an mKNA or protein'^ refers to the 
10 simultaneous expression of an agent in overlapping time fiiames and in the same cell or tissue 
as another agent. ^Coordinated e^qpression of more than one agenf refers to the coexpression 
of more than one agent when the production of transcripts and proteins from such agents is 
carried out utilizing a shared or identical promoter. ^^Complement" of a nucleic acid sequence 
refers to the complement of the sequence along its complete length. 
15 '*Cosuppression" is the reduction in expression levels, usually at the level of KNA, of a 

particular endogenous gene or gene family by the expression of a homologous sense construct 
that is capable of transcribing mRNA of the same strandedness as the transcript of the 
endogenous gene. Napoli ei oL, Plant Cell 2:279-289 (1990); van der Krol et al. Plant Cell 
2:291-299 (1990). "Crude soybean oir refers to soybean oil that has been extracted from 
20 soybean seeds, but has not been refined, processed, or blended, although it may be degimuned. 

When referring to proteins and nucleic acids herein, "derived" refers to eith^ directly 
(for example, by looking at the sequence of a known protein or nucleic acid and preparing a 
protein or nucleic acid having a sequence similar, at least in part, to the sequence of the known 
protein or nucleic acid) or indirectly (for example, by obtaining a protein or nucleic acid from 
25 an organism which is related to a known protein or nucleic acid) obtaining a protein or nucleic 
acid firom a known protein or nucleic acid. Other methods of "deriving^ a protein or nucleic 
acid from a known protein or nucleic acid are known to one of skill in the art 

"dsRNA'', "dsRNAi" and "RNAi" aU refer to gene-specific silencing that is induced by 
the introduction of a construct capable of forming a double-stranded RNA molecule. A 
30 "dsKNA molecule" and an "RNAi molecule" both refer to a double-stranded RNA molecule 
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. J . M<«- oroanism. of at least partiaUy reducing the level of an 

capable, when introduced mto a cell or organism, oi ov ^ 

mKNA species present in a cell or a cell of an organism. 

«Exon» refe« to the normal sense of the term as meaning a segment of nucleic acid 
molecules, usuafly DNA. that encodes part of or all of an expressed protein. 
5 Tatty acid" refers to free fetty acids and fatty acyl groups. 

"Gene" refers to a nucleic acid sequence that encompasses a 5' promoter region 
associated with the expression of the gene product, any intron and «con regions and 3' or 5' 
untranslatedregionsassociatedwiththeexpressionofthegeneproduct "Gene sUencinr 

refers to the suppression of gene expression or down^gulation of gene e^ion. 

10 A "gene family" is two or more genes m an organism whidi encode proteins that 

exhibit sunilar functional attributes, and a "gene family member" is any gene of the gene 
fen^ly found within the genetic material of the plant, eg., a -FAD2 gene family member" rs 
anyF^2 gene found within the geneticmaterialoflheplant. An example of two mexnbers of 
a g«ne family are F^2-/ and A gene femily can be additionally classified by the 

15 similarity of the nucleic acid sequences. Preferably, a gene family member exhibits at least 

60O/., more preferably at least VO'/o. more preferably at least SQo/o nucleic acid sequence identity 

in the coding sequence portion of the gene. 

"Heterologous" means not naturaUy occurring together. A "high oleic soybean seed- 
is a seed wifli oil having greater than 15% oleic acid present in the oU con^on of the seed. 

A nucleic acid molecule is said to be "introduced" if it is inserted into a ceU or 
organism as a result of human manipulation, no matter how indirect Examples of introduced 
^l^c acid molecules include, but are not limited to. nucleic acids that have been introduced 
into cells via transformation, transfection, injection, and projection, and those that have been 
introduced into an organism via methods including, butnot limited to. conjugation. 

25 endocytosis, and phagocytosis. 

«lntn>n" refers to the normal sense of the term as meaning a segment of nucleic acid 
molecules, usually DNA. that does not encode part of or all of an expressed protein, and which, 
in endogenous conditions, is transcribed into RNA molecules, but which is spUced out of the 
endogenous RNA before the RNA is translated into a protein. An "intron dsRNA molecule" 
30 and an "intixm RNAi molecule" both refer to a double-stranded RNA molecule capable, when 
introduced into a ceU or organism, of at least partially reducmg the level of an mRNA species 
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present in a cell or a cell of an organism where tiie double-stranded SNA molecule exhibits 
sufGcient identity to an intron of a gene present in the cell or organism to reduce the level of an 
mRNA containing that intron sequence. 

A '"low saturate'' oil composition contains between 3.6 and 8 p^x^ent saturated fatty 

5 acids. 

A "mid-oleic soybean seed'' is a seed having between 50% and 85% oleic acid present 
in the oil conqx>sition of the seed. 

The term ^on-coding" refers to sequences of nucleic acid molecules that do not 
encode part or all of an expressed protein. Non-coding sequences include but are not limited to 
0 introns, promoter regions, 3' untranslated regions (3'UTRs), and 5' untranslated regions 
(5'UTRs). 

A promoter tfiat is "operably linked" to one or more nucleic acid sequences is capable 
of driving expression of one or more nucleic acid sequences, including multiple coding or non- 
coding nucleic acid sequences arranged in a polycistronic configuration. 

5 Physically linked" nucleic acid sequences are nucleic acid sequences that are found on 

a single nucleic acid molecule. A ^^lant" includes reference to whole plants, plant organs (e.g^ 
leaves, stems, roots, etc.), seeds, and plant cells and progeny of the same. The term ^"plant cell 
includes, without limitation, seed suspension cultures, embryos, meristematic regicms, callus 
tissue, leaves, roots, shoots, gametophytes, sporophytes, pollen, and microspores. "Plant 

I promoters," include, without limitation, plant viral promoters, promoters derived from plants, 
and synthetic promoters capable of functioning in a plant cell to promote the expression of an 
mRNA 

A "polycistronic gene" or ^"polycistronic mRNA" is any gene or mRNA that contains 
transcribed nucleic acid sequences which correspond to nucleic acid sequences of more than 
one gene targeted for expression. It is understood that such polycistronic genes or mRNAs may 
contain sequences that correspond to introns, 5'UTRs, 3 'UTRs, or combinations thereof and 
that a recombinant polycistronic gene or mRNA might, for exan^le without limitation, contain 
sequences that correspond to one or more UTRs firom one gene and one or more introns from a 
second gene. 

A "seed-specific promoter" refers to a promoter that is active preferentially or 
exclusively in a seed. "Preferential activity" refers to promoter activity that is substantially 
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greater in the seed than in other tissues, organs or organelles of the plant "Seed-specific" 
includes wi&out limitation activity in the aleurone layer, endospenn. and/or embryo of the 
seed. 

"Sense intron suppression" refers to gene silencing that is induced by the introduction 
; of a sense intron or fiagment thereof. Sense intron suppression is described by FiDatti in PCX 

WO 01/14538 A2. "Simultaneous expression" of more than one agent such as an mRNA or 

.«>nt ot tVie <!anie time as another agent. Such expression 
protein refers to the expression of an agent at tne same rane as. dnwuw » 

n«y only overlap in part and may also occur in different tissue or at different levels. 

"Total oil level" refers to the total aggregate amount of fatty acid without regard to the 
type of fetty acid. "Transgene" refers to a nucleic acid sequence associated with the expression 
of a gene introduced into an organism. A transgene includes, but is not limited to, a gene 
endogenous or a gpne not naturally occurring m the organism. A "transgenic plant" is any plant 
that stably incorporates a transgene in a mamier that feciUtates transnrission of that transgene 

from a plant by any sexual or asexual method. 

A "zero saturate" oil composition contains less than 3.6 percent saturated fetly acids. 
When referring to protems ai^ d nucleic acids herein, the use of plain capitals, e. g. , 
"FAD2", indicates a reference to an en2yme. protein, polypeptide, or peptide, and the use of 
itaUcized capitals, e.g., ^FADr, is used to refer to nucleic acids, including without Umitation 
genes. cDNAs, and mRNAs. A cell or organism can have a fenrily of more than one gene 
encoding a particular enzyme, and the capital letter that follows the gene terminology (A, B, C) 
is used to designate the family member, i e. . FAD2.IA is a different gene femily member from 
FAD2-1B. 

As used herein, any range set forth is mclusive of the end points of the range unless 
otherwise stated. 
25 A. Agents 

The agents of the invention wUl preferably be "biologically active" with respect to 
eiflier a structural attribute, such as the capacity of a nucleic acid molecule to hybridize to 
another nucleic acid molecule, or Ae ability of a protein to be bound by an antibody (or to 
compete with another molecule for such bmding). Alternatively, such an attribute may be 
30 catalytic and thus mvolve the capacity of the agent to mediate a chenrical reaction or response. 
The agents will preferably be "substantially purified." The term "substantiaUy purified." as 
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used herein, refers to a molecule separated from substantially all other molecules nozmally 
associated with it in its native environmental conditions. More preferably a substantially 
purified molecule is the predominant species present in a preparation. A substantially purified 
molecule may be greater than 60% free, greater than 75% free, preferably greater Hiam 90% 
5 free, and most preferably greater than 95% free from the other molecules (exclusive of solvent) 
present in the natural mixture. The term ^'substantially purified" is not intended to encompass 
molecules present in their native environmental conditions. 

The agents of the invention may also be recombinant As used herein, the term 
Recombinant" means any agent (e.g^., including but limited to DNA, peptide), that is, or results, 
1 0 however indirectly, from human manipulation of a nucleic acid molecule. It is also understood 
that the agents of the invention may be labeled with reagents that fricilitate detection of the 
agent, e.g,, fluorescent labels, chemical labels, and/or modified bases. 

Agents of the invention include nucleic acid molecules that conq}rise a DNA sequence 
which is at least 50%, 60%, or 70% identical over their entire length to a plant coding region or 

1 5 non-coding region, or to a nucleic acid sequence that is conq>lementary to a plant coding or 
non-coding region. More preferable are DNA sequences that are, over their entire length, at 
least 80% identical; at least 85% identical; at least 90% identical; at least 95% identical; at least 
97% identical; at least 98% identical; at least 99% identical; or 100% identical to a plant coding 
region or non-coding region, or to a nucleic acid sequence that is complementary to a plant 

20 coding or non-coding region. 

identity," as is well understood in &e art, is a relationship between two or more 
polypeptide sequences or two or more nucleic acid molecule sequences, as determined by 
comparing the sequences. In the art, '"identity" also means the degree of sequence relatedness 
between polypeptide or nucleic acid molecule sequences, as determined by the match between 

25 strings of such sequences. ""Identity" can be readily calculated by known mediods including, 
but not limited to, those described in Computatioftal Molecular Biology^ Lesk, ed., Oxford 
University Press, New York 1988; Biocomputing: Informatics and Genome Projects^ Smith, 
ed.. Academic Press, New York 1993; Computer Analysis of Sequence Data, Part /, Griffin and 
Griffin, eds., Humana Press, New Jersey 1994; Sequence Analysis in Molecular Biology^ von 

30 Heinje, Academic Press 1987; Sequence Analysis Primer^ Gribskov and Devereux, eds., 

11 

__0308080aA2_L> 



r c 

^ ^ PCTAJS03/08610 

WO 03/080802 

SUKto. Pr«s. N«. York .991; a.^ Carmo SIAM J. Afpliei^, 48:1073 

1988. 

Methods to detemune identity are designed to give Ihel^ 
sequences tested, l^reover, n^thods to deternune identity axe codified in pubUcly available 
programs. Coniputer programs which can be used to detemune identity between tv«> 
include, but are not linuted to. GCG; a suite of five BLAST programs, three designed for 
nucleotide sequences queries (BLASm BLASTX. and TOLAS-DO and two designed for 
protein sequence queries (BLASTPandTBLASTO). Ibe BLASTX program is pubUdy 
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avauaoie irom vv^ai. ai»«* vri*j~» — , — „ - 

Befl^sda. MD 20894; Altschul ei al, J. Mol. Biol. 215:403^10 (1990). Ihe weU-known Smith 
Waterman algorithm can also be used to determine identity. 

Parameters for polypeptide sequence comparison typically include the following: 
Algorithm: Needleman and Wunsch. /. Mol. Biol. 48:443-153 (1970); Cornparison matrix: 
BLOSSUM62 from Hentikoff and Hentikofi; Proc. Natl Acad. ScL USA 89:10915-10919 
(1992); C3ap Penalty: 12; Gap Length Penalty: 4. A program that can be used witii these 
parameters is publicly available as the W program from Genetics Computer Group 
C'GCG«). Madison, Wisconsin. Hie above parameters along with no penalty for end gap are 
the defeult parameters for peptide con?>arisons. 

Parameters for nucleic acid molecule sequence con5)arison include the following: 
Algorithm: Needleman and Wmisch. J. Mol. Bio. 48:443-453 (1970); Comparison matrix: 
nuitches - +10; mismatches = 0; Gap Penalty: 50; Gap I^gth Penalty: 3. As used herein. "% 
identity- is detemuned using the above parameters as the defeult parameters for nucleic acid 
molecule sequence comparisons and the W program from GCG. version 102. 

Subsets of the nucleic acid sequences of the present invention include fragment nucleic 
acid molecules. "Fragment nucleic acid molecule" refers to a piece of a larger nucleic acid 
molecule, whichmay consist of significant portion(s) of. or indeed most of, the larger micleic 
acid molecule, or which may comprise a smaller oligonucleotide having from about 1 5 to about 
400 contiguous nucleotides and more preferably, about 15 to about 45 contiguous nucleotides, 
about 20 to about 45 contiguous nucleotides, about 15 to about 30 contiguous nucleotides, 
about 21 to about 30 contiguous nucleotides, about 21 to about 25 contiguous nucleotides, 
about 21 to about 24 contiguous nucleotides, about 19 to about 25 contiguous nucleotides, or 
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about 21 contiguous nucleotides. Fragment nucleic acid molecules may consist of significant 
portion(s) of, or indeed most of, a plant coding or non-coding region, or alternatively may 
comprise smaller oligonucleotides. In a preferred embodiment, a fragment shows 100% 
identity to the plant coding or non-coding region. In another prefixed embodiment, a fragment 
5 comprises a portion of a larger nucleic acid sequence. In another aspect, a firagmmt nucleic 
acid molecule has a nucleic acid sequence that has at least 15, 25, 50, or 100 contiguous 
nucleotides of a nucleic acid molecule of the present invention. In a preferred embodiment, a 
nucleic acid moleciile has a nucleic acid sequence that has at least 15, 25, 50, or 100 contiguous 
nucleotides of a plant coding or non-coding region. 

10 In another aspect of the present invention, the DNA sequence of the nucleic acid 

molecules of the present invention can comprise sequences that di£fer from those encoding a 
^ polypeptide or fragment of the protein due to cons^i^tive amino acid changes in the 
polypeptide; the nucleic acid sequences coding for the polypeptide can therefore have sequence 
differences corresponding to the conservative changes. In a further aspect of the present 

15 invention, one or more of the nucleic acid molecules of the present invention differ in nucleic 
acid sequence from those for which a specific sequence is provided herein because one or more 
codons have been replaced with a codon that encodes a conservative substitution of the amino r 
acid originally encoded. 

Agents of the invention also include nucleic acid molecules that encode at least about a 

20 contiguous 10 amino acid region of a polypeptide of the present invention, more preferably at 
least about a contiguous 25, 40, 50, 100, or 125 anoino acid region of a polypeptide of the 
present invention. Due to the degeneracy of the genetic code, different nucleotide codons ntiay 
be used to code for a particular amino acid. A host cell often displays a preferred pattern of 
codon usage. Stmctural nucleic acid sequences are preferably constructed to utilize the codon 

25 usage pattern of tfie particular host cell. This generally enhances the expression of the 

structural nucleic acid sequence in a transformed host cell. Any of the above-described nucleic 
acid and amino acid sequences may be modified to reflect the preferred codon usage of a host 
cell or organism in which they are contained. .Therefore, a contiguous 10 amino acid region of 
a polypeptide of the present invention could be encoded by numerous different nucleic acid 

30 sequences. Modification of a structural nucleic acid sequence for optimal codon usage in plants 
is described in U.S. Patent No. 5,689,052. 
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Agents of the invention include nucleic acid molecules. For example, without 



limitation, in an aspect of the present mvenuon, iiuwi^iw «k.x« 

invention comprises an intmn sequence of SEQ ID NO: 19. 20, 21, 22, 23. 25, 32, 33, 34, or 35 
or fragments thereof or coniplements thereof, m another aspect of the invention, the nucleic 
5 acid molecule comprises a nucleic acid sequence, which when introduced into a cell or 

organism, is capable of suppressing the production of an RNA or protein whUe simultaneously 
expressing, coexpressing or coordinately expressing another RNA or protein. M an aspect of 
&e invention, the nucleic acid molecule comprises a nucleic acid sequence, which when 
introduced into a cell or organism is capable of suppressing, at least partiaUy reducing. 
10 reducing. substantiaUy reducing, or effectively eliminating the expression of endogenous 
FAD2, FADS, and/or FATB RNA while at the same time coexpressing, simultaneously 
expressing, or coordinately expressing a beta-ketoacyl-ACP synthase I. beta-ketoacyl-ACP 
synthase IV, deha.9 desatorase. and/or CP4 EPSPS RNA or protein. 

By decreasing the amount of FAD2 and/or FAD3 available in a plant ceU, a decreased 
15 percentage of polyunsaturated fatty acids such as linoleat« (C18:2) and linolenate (C18:3) may 
be provided. Modifications in flie pool of fetty acids available for incorporation into 
triacylglycerolsmaylikewiseaffecttiiecompositionofoilsintiieplantcell. Itus, a decrease 

in expression of FAD2 and/or FAD3 may result in an increased proportion of mono-unsaturated 
fetty acids such as oleate (C18:l). When the amount of FATB is decreased in aplant cell, a 

20 decreased amount of saturated fetty acids such as pahnitate and steaiate may be provided. 

Thus, a decrease in expression of FATB may result in an increased proportion of unsattirated 
fetty acids such as oleate (18:1). The simultaneous suppression of FAD2, FAD3, and FATB 
expression thereby results in driving the FAS patiiway to ward an overall increase in mono- 
unsaturated fetty adds of IS-carbon length, such as oleate (C18:l). See U.S. Patent No. 

25 5,955,650. 

By increasing the amount of beta-ketoacyl-ACP synthase I (KAS D and/or beta- 
ketoacyl-ACP synthase IV (KAS IV) available in a plant cell, a decreased percentage of 16:0- 
ACP may be provided, leading to an increased percentage of 18:0.ACP. A greater amount of 
18:0-ACP in combination witii the simultaneous suppression of one or more of FAD2, FAD3, 
30 and FATB, tiiereby helps drive die ofl composition toward an overall increase in oleate 

(C18:l). By increasing flie amount of delta-9 desaturase available in a plant cell, an increased 
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percentage of unsaturated fatty acids may be provided, resulting in an overall lowering of 
stearate and total saturates. 

These combinations of increased and decreased enzyme expression may be 
manipulated to produce fatty acid conq[>ositions, including oils, having an increased oleate 
5 level, decreased linoleate, linolenate, stearate, and/or palmitate levels, and a decreased overall 
level of saturates. Enhancement of gene expression in plants may occur through the 
introduction of extra copies of coding sequences of the genes into the plant cell or, preferably, 
the incorporation of extra copies of coding sequences of the gene into the plant genome. Over- 
expression may also occur though increasing the activities of the regulatory mechanisms that 
10 regulate the expression of genes, /.e., iq>-regulation of the gene expression. 

Production of CP4 EPSPS in a plant cell provides the plant cell with resistance or 
tolerance to glyphosate, thereby providing a convenient method for identification of successfiil 
transformants via glyphosate-tolerant selection. 



IS the transcriptional level and post-transcriptional level. There are various methods for the 

suppression of expression of endogenous sequences in a host cell, including, but not limited to, 
antisense suppression, co-suppression, libozymes, combinations of sense and antisense 
(double-stranded RNAi), promoter silmcing, and DNA binding proteins such as zinc finger 
proteins. (See, e.g,, WO 98/53083 and WO 01/14538). Certain of these mechanisms are 

20 associated with nucleic acid homology at the DNA or RNA level. Jn plants, double-stranded 
RNA molecules can induce sequence-specific silencing. Gene silencing is often referred to as 
double stranded RNA ("dsRNAi'O in plants, as RNA interference or RNAi in Caenorhabditis 
elegans and in animals, and as quelling in fungi. 



25 comprises (a) a first set of DNA sequences, each of which exhibits sufficient homology to one 
or more coding or non-coding sequences of a plant gene such that when it is expressed, it is 
capable of effectively eliminating, substantially reducing, or at least partially reducing the level 
of an mRNA transcript or protein encoded by the gene firom which the coding or non-coding 



30 (b) a second set of DNA sequences, each of which exhibits sufficient homology to a plant gene 



Siq)pression of gene expression in plants, also known as gene silmcing, occurs at both 



In a preferred embodiment, the nucleic acid molecule of the present invention 
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As >^ l»r.in. "a r«l».:tio.- rf *. tevel or «no<n« of an .g«>l such as a protem or 

m=-.s to tevd or amoual is r«iu»«i to a odl org^nsm 

s«,u»cecapabl.ofr«luci»gto.g».. F„ a^ample. "a. leas. a pardal r«U«ta" refto « a 

,«j„«io. of at l«s. 25%, -a s.bsB«i.l re<tocto.- r*rs «. a reduction of at leas. 75%, and 
».„ .fi««i,. eUnUnation" refto to a reduction of grater tto 95%, aU of »hK* eductions ^ 

to level or amonm of to agen. a,, relative to a ceU or organism lacking a DNA se<p»^ 

capable of reducing the agpnt 

As used herein, -an a4anc«l» or -incr^ised" level or amount of «. agent sach as a 

or mRNA me^-s tot to level amount is Wgher to. to level or ^noun. of agcn. 
present in.cell,tissu.orplan.»ifl.asimilarg«-tiebackgronndbu.lacIdng an imro^ 
uucl«cacidmolecule«KOdingtop»»i«ormFa.A. For example, an "a. leas, partially 

atoned- tevel refers «. an increase of a, leas. 25%. and a "subsuntially enhanced" level 
^ to urease of a. 1«». 1<X)%, an of which increase, in to levd or amount of an agent 

.rere.ative«.tol...loram»m.of.gemto.isp,es.ntinacn,tiss»eorplan.««h.»mdar 
gcetic *«M=ground but lacldng m imrodueed m«l«c »hd mol«=ule encoding to protem or 
mRNA. 

When levels of an agent are con^ such a conq,arison is preferably earned out 
20 betweenorganisn.withasin»largeaetiobackground.Prefe^^^^ 

l^^kground is a bacl^ound where organises being con^ ^ 
preferably 75«/o or greats, and, even more preferably 90% or greater sequence identity of 
nuclear genetic material. In another preferred aspect, a similar genetic background as a 
background where the organisms being compared are plants, and the plants are isogenic except 

25 for any genetic material originally introduced using plant transformation techmques. 

Measurement oftbe level or amount ofanagentmay be carried outby any suitable me^^ 

.limiting examples of which include comparison of mRNA transcript levels, protem or 
peptide levels, and/or phenotype. especially oil content As used herein. mRNA transcnpts 
ixiclude processed and non-processed mRNA transcripts, and proteins or peptides include 
30 proteins or peptides wifli or without any post-translational modification. 
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The DNA sequences of the first set of DNA sequences may be coding sequences, 
intron sequences, 3'UTR sequences, S'UTR sequences, promoter sequences, other non-codmg 
sequences, or any combination of the foregoing. The first set of DNA sequences encodes one 
or more sequences which, when expressed, are capable of selectively reducing either or both 
5 the protein and the transcript encoded by a gene selected fix>m the group consisting of FAD2, 
FAD3, and FATB. In a preferred embodiment, the first set of DNA sequences is capable of 
e^qyressing antisense KNA, in which the individual antisense sequences may be linked in one 
transcript, or may be in unlinked individual transcripts, hi a further preferred embodiment, the 
first set of DNA sequences are physically linked sequences which are capable of expressing a 

10 single dsRNA molecule. Liadifferentpreferredembodiment, the first set of DNA sequences is 
capable of expressing sense cosiq>presion RNA, in which the individual sense sequences may 
be linked in one transcript, or may be in unlinked individual transcripts. Exemplary 
embodiments of the first set of DNA sequences are described in Part B of the Detailed 
Description, and in the Examples. 

15 The second set of DNA sequences encodes one or more sequences which, when 

^ expressed, are capable of increasing one or both of the protein and transcript encoded by a gene 
selected firom the groiq) consisting of beta-ketoacyl-ACP synthase I (KASI)^ beta-ketoacyl- . 
ACT synthase IV (A:ilS/)0> <lelta-9 desatur^ The DNA sequences of the 

second set of DNA sequences may be physically linked sequences. Exemplary embodiments of 

20 the second set of DNA sequences are described below in Parts C and D of the Detailed 
Description. 

Thus, the present invention provides methods for altering the composition of &tty acids 
and compounds containing such fatty acids, such as oils, waxes, and fats. The present 
invention also provides methods for the production of particular &tty acids in host cell plants. 
25 Such methods etnpXoy the use of the expression cassettes described herein for the modification 
of the host plant cell's FAS pathway. 

B. First Set of DNA Sequences 

In an aspect of the present invention, a nucleic acid molecule comprises a first set of 
DNA sequences, which whoi introduced into a cell or organism, expresses one or more 
30 sequences capable of effectively eliminating, substantially reducing, or at least partially 

reducing the levels of mRNA transcripts or proteins encoded by one or more genes. Preferred 
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aspects inctate as a torget m endogeaoas geM. » s™ 

of the prescBt invention, a g=n. is a f'^i J'^ra 

to an aspect, a nucleic acid nxolecol. of fl» present inv«*ion contprises a DNA 

se^nence^e^^"^'"'"-''^--"'^""^"""^.^,, 

^.^orp^.ein.ncoaeaW^^^'^'^'^*--**"'-"^' 

X^eDNAsec^ofthefi^setofDHAse^-odeRNA 

s.^orBKA.^^-^'''-'''"^'""''^'^'''''^''"'"-'^ ^ 
, ^,ya.U,s.9S"^nK».p.e^b,yat.e.s.,0fl».iden.i.y».codingor.on^«g- 

Z^^<^^^^-^-^ SuCpe^ntiaentinrn^^-anncU. 

acid fragment - . 

Preferably, the non-coding sequence is a 3 UTR, 5 UIK, or a p 

^e. Mo^^y.-^-^'-s^^'^-^"'"^'''™::'^:; 

p.an.in.ronf^.p.an.g^^.ll^^n^^''^-'^'--"''^'*"*' 

or 3' UTR of a plant gene. 

Tl. sequence(s) of the first set of DNA secpaenccs n,ay be desigaed to exi^^ 

BKT A conslruct or an antisense BNA construct or any 
dsRNA construct, a sense suppression RNA construct, or an 

to acWeve the desked effect when introduced into a plant 

other suppression construct m order to achieve me oesix 

eeuorpiant Such DNAse^=)n-y be nucleic acid n>oie«,.es. to.p»ft«.d 
3^. a dsRNA const^c. contains e«« se^ but d» c«». sequences do no. c.^ 

„ . sufflcien. p.« of a plant c»n to be capable of eiSCivdy dinnnadng. substanti-^ 
,^or«le...pa«ia%-cdncing,helevelofanndmA.ranscHp.or^ 

the gene fiom which the exon was derived. 

A plan, intnx. can U «>y plan, intron Ihnn a gene, »h«her endogenous o. int^^cei 

Nuclete acid sequences of »«h int™« can be derived ^a nnUan.de of soutces, te^ 
^a„^«n.u.i^da.abase.suchasBMBLandOenbankwMchn.ybeibundon,heln.^ 

ebi^-uk/swisp™.^. e:,«sy.ci.; en^l-Wdelber^de,; and ncbi— g»v. Nucleic acd 
sequences of such introns can also be derived, without Htnitadon. ihnn a^ 
OENSCAN p»g.«n wMch ntay be found « the bten^ at genes.nit^EKSCAN.«nl. 
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Additional introns may also be obtained by methods which include, without limitation, 
screening a genomic library with a probe of either known exon or intron seqiiences, comparing 
genomic sequence with its corresponding cDNA sequence, or cloning an intron such as a 
soybean intron by alignment to an intron from another organism, such as, for exanq>le, 
5 Arabidopsis, In addition, other nucleic acid sequences of introns will be apparent to one of 
ordinary skill in the art. The above-described methods may also be used to derive and obtain 
other non-coding sequences, including but not limited to, promoter sequences, 3'UTR 

* 

sequences, and S'lTTR sequences. 

A^FAD2'\ "A 12 desaturase" or "omega-6 desaturase" gene encodes an enzyme 

1 0 (FAD2) capable of catalyzing the insertion of a double bond into a fatty acyl moiety at the 

twelfth position comited from the carboxyl terminus. The term ^FAD2-r^ is used to refer to a 
FAD2 gene that is naturally e?q>ressed in a specific manner in seed tissue, and the term ^FAD2'' 
2" is used to refer a FAD2 gene that is (a) a different gene from a FAD2-1 gene and (b) is 
naturally expressed in multiple tissues, including the seed. Representative FAD2 sequences 

15 include, without limitation, Ifaose set forth in U.S. Patent AppUcation No. 10/176,149 filed on 
June 21, 2002, and in SEQ ID NOs: 1-6. 

"r 

A ^FADS'^ "A 15 desaturase" or "omega-3 desaturase" gene encodes an en2yme 

■J* 

(FAD3) capable of catalyzing the insertion of a double bond into a fatty acyl moiety at the 
fifteenth position counted from the carboxyl temiinus. The term ^^FADS-P^ is used to refer a 

20 FAD3 gene family member that is naturally expressed in multiple tissues, including the seed. 
Representative FADS sequences include, without limitation, those set forth in U.S. Patent 
Application No. 10/176,149 filed on June 21, 2002, and in SEQ ID NOs: 7-27. 

A **i^7B" or "palmitoyl-ACP thioesterase" gene encodes an enzyme (FATB) capable 
of catalyzing the hydrolytic cleavage of the carbon-sulfur thioester bond in the panthothene 

25 prosthetic group of palmitoyl-ACP as its preferred reaction. Hydrolysis of other &tty acid- 
ACP thioesters may also be catalyzed by this enzyme. Representative FATB sequences 
include, without limitation, those set forth in U.S. Provisional Application No. 60/390,185 filed 
on June 21, 2002; U.S. Patent Nos. 5,955,329; 5,723,761; 5,955,650; and 6,331,664; and SEQ 
ID NOs: 28-37. 
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C. g^.ntid Set of T^>JA Seouences 

to an .^p^* of the p-escnt mv«.«on, a Buoldc «»d n»l«»ie com^ 

DNA se<p.=n<«s. «lnch «h« h-™iu«i ta» > «»^ 

enhancing, in™ =.ha=d.g,«»^»«^ 
5 p^«»«i«Jb,on.«.«..eg»>«.ban«P«*of«»,««=».iav««i»»^ 

endog«nn>g=n.. h-.«^ofa«>prcs««invcnaon.ag»eisapta«g«. 
^ of to p.es«« in«n«on, a g.0. is a wncated gene wl^r. <hc trun^ted g«o. 

„fo.t*«ngther.a.tionca«.lyzedby«heMlgen.. i,«„apectoffl»p«aen.invenn<»..a 

• gene ia a be*.-Wo.cyl.ACP syn*aae I, b«a*«oacyl-ACP syntaae IV. deK.-* desa»ase, or 

10 CP4 JSPiSPiS gene. 

A g«.e of tl» present inv«*ion <«. be «or gene, whether endogenous «r introdneed. 

Nudeic »=id sequences of genes can b. derived Som a m^u^ of sou««. including. 
^ Motion, daabases sueb as EMBL and Oenbank which may be found on *. In^me. 
a.ebi^.ulc/swispro./;expasy.cW;embH»deIberg.d./;«.dBcbi.^ NueWcacd 
15 «<^ofsuchgenescanalsobederived.«i«K««Unntt«on.fiom8o««:.ss»>hasU» 

OBNSCAN program ^eh n«y be found on d« W-ne. a. genes^tedu/QENSCAN.hnnl. 
Additional genes n«y also be obtuned by n^thods »hich inotade. wifho* 

library or a cDNAlitaary with 
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clonus a gen. by alignn«« to a g«» or prob. -.otber organisn^ such as. e^^^ 

j„Mop^. lnaddition.o.hernuoleicaddse,r.e„c.sofgeoe.™nbeapp.«nt«,o«.of 

1 :xi.^..<i. i;«M^4«ifi/\n Via ATTinlified 



ordinary - 

polyxnerase chain reaction (PGR) and used in an enAK,din.ent of the present invention. la 
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Automated nucleic add synthesizers niay be en^loyed for this purpose, and to nudcc a 
nucleic acid nK>leculeAat has a secpience also found in a cell or organise InUeuofsuch 

nucldc acid n«>lecules nu^y be u^ to define a pair of pri^ 
the PGR to amplify and obtain any desired nucleic acid molecule or fragment of a first gene. 
A "KASr or «beta-ketoacyl-ACP synthase r gene encodes an en2yme (KAS T) 
30 capable of catalyzing the elongation of a fetty acyl moiety up to pahnitoyl-ACP (C16:0). 
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Represmtative iC^/ sequences include, without limitation, those set forth in U.S. Patent No. 
5,475,099 and PCX Publication WO 94/101 89, and in SEQ ID NO: 38. 

A ''KASIV' or "beta-ketoacyl-ACP synthase IV" gene encodes an enzyme (KAS IV) 
capable of catalyzing the condensation of medium chain acyl-ACPs and enhancing the 
5 production of 1 8:0-ACP. Representative KAS IV sequences include, without limitation, those 
set forth in PCX Publication WO 98/46776, and in SEQ ID NO: 39. 

A ^delta-9 desaturase" or ^'stearoyl-ACP desaturase" or *^omega-9 desaturase'' gene 
encodes an enzyme capable of catalyzing the insertion of a double bond into a &tty acyl moiety 
at the nin& position counted from the carboxyl terminus. A preferred delta-9 desaturase of the 
10 present invention is a plant or cyanobacterial delta-9 desaturase, and more preferably a delta-9 
desaturase that is also found in an organism selected from tihe group consisting of Cartharmus 
tinctorius, Ricinus communis, Sinanonsia chinensis, and Brassica campestris. Representative 
delta-9 desaturase sequences include, without limitation, those set forth in U.S. Patent No. 
5,723,595, and SEQ ID NOs: 40-41. 
15 A ''CP4 EPSPS"' or ''CP4 5-eno!ipyruvylshikimate-3-phosphate synthase" gene encodes 

an enzyme (CP4 EPSPS) capable of conferring a substantial degree of glyphosate resistance 
upon the plant cell and plants generated therefrom. The CP4 £PjSPiS sequence may be a CP4 
EPSPS sequence derived &am Agrobacterium iumefaciens sp. CPA or a variant or synthetic 
form thereof, as described in U.S. Patent No. 5,633,435. Representative CP4 EPSPS sequences 
20 include, without limitation, 4ose set forth in U.S. Patent Nos. 5,627,061 and 5,633,435. 

D. Recombinant Vectors and Constructs 

One or more of the nucleic acid constmcts of the invention may be used in plant 
transformation or transfection. The levels of products such as transcripts or proteins may be 
increased or decreased throughout an organism such as a plant or localized in one or more 
25 specific organs or tissues of the organism. For ^cample the levels of products may be increased 
or decreased in one or more of the tissues and organs of a plant including without limitation: 
roots, tubers, stems, leaves, stalks, fruit, berries, nuts, bark, pods, seeds and flowers. A 
preferred organ is a seed. For exanq>le, exogenous genetic material may be transferred into a 
plant cell and the plant cell regenerated into a whole, fertile or sterile plant or plant part 
30 '^Exogenous genetic material" is any genetic material, whether naturally occurring or 

otherwise, from any source that is capable of being inserted into any organism. Such 
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exogenous genetic material includes, without limitation, nucldc add molecules and constructs 
of the present invention. Exogenous genetic material may be transferred into a host cell by the 
use of a DNA vector or construct designed for such a purpose. Design of such a vector is 
generally within fl« skill of the art (5ce. eg.. Plant Molecular Biology: A Juratory Manual. 

5 Clark (ed.). Springer, New York (1997)). 

A construct or vector may include a promoter functional in a plant cell, or a plant 
promoter, to express a nucleic acid molecule of choice. A number of promoters that are active 
in plant cells have been described in the literature, and the CaMV 35S and FMV p«^ 

preferred for use in plants. Preferred promoters are enhanced or duplicated versions of the 
10 CaMV35S and FMV35S promoters. Odell a/., ATo/ure 313: 810^12 (1985); U.S. Patent 
No. 5.378,619. Additional promoters that may be utilized are described, for example, in U.S. 
Patents 5,378.619; 5,391,725; 5.428.147; 5.447.858; 5.608,144; 5,608.144; 5,614,399; 
5.633.441; 5.633,435; and 4,633,436. In addition, a tissue specific enhancer may be used. 

' Particularly preferred promoters can also be used to express a nucleic acid molecule of 

15 thepre^tinventioninseedsorfruits.Mdeed,inapreferred.enflK>^ 

is a seed specific promoter. Examples of such promoters include the 5' regulatory regions fiom 
such genes as napin (Kridl et al. Seed ScL Res. 1:209-219 (1991)). phaseohn, stearoyl-ACP 
desaturase, 7Sa. 7sa' (Chen ^ oL, Proc. Natl Acad. ScL, 83:8560-8564 (1986)). USP. arcelin 
and oleosm. Preferred promoters for expression in the seed are 7Sa. 7sa% napin. and FAD2-1A 

20 promoters. 

Constructs or vectors may also include other genetic elements, including but not 
limited to, 3' transcriptional terminators. 3' polyadenylation signals, other untranslated nucleic 
acid sequences, transit or targeting sequences, selectable or screenable markers, promoters, 
enhancers, and operators. Constructs or vectors may also contain a promoterless gene that may 

25 utilize an endogenous promoter iq>on insertion. 

Nucleic acid molecules that may be used in plant transformation or transfection may be 
any of the nucleic acid molecules of the present invention. It is not intended that the present 
invention be limited to the illustrated embodiments. Exen^lary nucleic acid molecules have 



30 



been described in Part A of tiie Detailed Description, and fiarther non-limiting exemplary 
nucleic acid molecules are described below and illustrated in FIGS. 1-4. and in the Examples. 



22 



nNsnociD- <wo oaoeo802A2.i_> 



I 



wo 03/080802 



o 

PCT/US03/08610 



Refeiring now to the drawings, embodiments of the nucleic acid molecule of the 
present invention are shown in FIGS. 1-4. As described above, the nucleic acid molecule 
comprises (a) a first set of DNA sequences and (b) a second set of DNA sequences, which are 
located on one or more T-DNA regions, each of which is flanked by a right border and a left 
5 border. Within the T-DNA regions the direction of transcription is shown by arrows. The 

nucleic acid molecules described may have their DNA sequences arranged in monocistronic or 
polycistronic configurations. Preferred configurations include a configuration in which the first 
set of DNA sequences and the second set of DNA sequences are located on a single T-DNA 
region. 

10 In each of the illustrated embodiments, the first set of DNA sequences comprises, one 

or more sequences which when expressed are capable of selectively reducing one or both of the 
protein and transcript encoded by a gene selected fi-om the group consisting of FAD2, FADS, 
and FATB. Preferably each sequence in the first set of DNA sequences is capable, when 
expressed, of suppressing the expression of a different gene, including without limitation 

IS different gene family members. The sequences may include coding sequences, intron 

''^ sequences, 3 'UTR sequences, 5 'UTR sequences, other non-coding sequences, or any ^ 
combination of the foregoing. The first set of DNA sequences may be expressed in any 
suitable form, including as a dsRNA construct, a sense cosuppression constmct, or as an 
antisense construct. The first set of DNA sequences is operably linked to at least one promoter 

20 which drives expression of the sequences, which can be any promoter fimctional in a plant, or 
any plant promoter. Preferred promoters include, but are not limited to, a napin promoter, a 
7Sa promoter, a 7sa* promoter, an arcelin promoter, or a FAD2-1A promoter. 

The second set of DNA sequences comprises coding sequences, each of which is a 
DNA sequence that encodes a sequence that when expressed is capable of increasing one or 

25 both of the jnrotein and transcript encoded by a gene selected firom the group consisting of KAS 
/, KASIVy delta-9 desaturase, and CP4 EPSPS. Each coding sequence is associated with a 
promoter, which can be any promoter fimctional in a plant, or any plant promoter. Preferred 
promoters for use in the second set of DNA sequences are an FMV promoter and/or seed- 
specific promoters. Particularly preferred seed-specific promoters include, but are not limited 

30 to, a napin promoter, a 7Sa promoter, a 7sa' promoter, an arcelin promoter, a delta-9 
desaturase promoter, or a FAD2-1A promoter. 
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fa the embodixr^nts depicted in HGS. 1 and 2. the first set of DNA sequences, when 
expressed, is capable of fomimg a dsRNA molecule that is capable of suppressing the 
expression of one or both of the protein and transcript encoded by. or transcribed from, a gene 
selectedfromthegroupconsistingofF^2.F^5.andF^m The first set of DNA sequences 
5 depicted in ma 1 comprises three non-coding sequences, each of which exp^ 

sequence (not shown) 4at exhibits identity to a non-coding region of a gene selected from the 
group consisting ofF.iDi.F^S. and F^ra genes. The non-coding sequences each express an 
RNA sequence that exhibits at least 90% identity to a non-coding region of a gene selected 
from the group consisting of FAD2, FADS, and FATB genes. Hxe first set of DNA sequences 
10 also comprises three antisense sequences, each of which expresses an antisense RNA sequence 
(not shown) that is capable of forming a double-stranded RNA molecule with its respective 
corresponding RNA sequence (as expressed by the non-coding sequences). 

The non-coding sequences may be separated from the antisense sequences by a spacer 
sequence, preferably one thatpromotesfteformationofadsRNAmolecule. Examples of such 

15 spacer sequences include those set forth in Wesley et al., svpra, and Hamilton ei al.. Flam J., 
/5:737-746 (1988). fa a preferred aspect, the spacer sequence is capable of forming a hairpin 
structure as illustrated in Wesley et d., supra. Particularly preferred spacer sequences in this 
context are plant mtrons or parts thereof. A particularly preferred plant intron is a spliceable 
intnm. Spliceable introns include, but are not limited to. an mtron selected from the group 

20 consisting of PDK intron, FADS-IA or FADS-IB intron #5. FAD3 intron #1. FADS intron #3A. 
FADS intron #3B. FADS intron #3C, FADS intron #4. FADS intton #5, FAD2 intron #1. and 
FAD2.2 mtron. Preferred spUceable introns mctade, but are not limited to, an intron selected 
ft«n the group consisting of intron #1. FADS intron #3A, FADS intron #3B. FADS 
intron #3C, and F4Z)5 intron #5. Other preferred spUceable introns include, but are not limited 

25 to, a spliceable intron that is about 0.75 K, to about 1.1 kb in length and is capable of 

feciUtating an RNA hairpin structure. One non-limiting example of a particularly preferred 

splice^le intnm is FADS intron #5. 

Referring now to FIG. 1. &e nucleic acid molecule comprises two T-DNA regions, 
each of which is flanked by a right border and a left bo«te. THe first T-DNA region conq«ises 
30 the first set of DNA sequences that is operably linked to a promoter, and the first T-DNA 

region fiirther comprises a first part of the second set of DNA sequences that conqmses a first 
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promoter operably linked to a first coding sequence, and a second promoter operably linked to 
a second coding sequence. The second T-DNA legicm conqnises a second part of &e second 
set of DNA sequences that comprises a third promoter operably linked to a third coding 
sequence. In a preferred embodiment depicted in FIG. 2, the nucleic acid molecule comprises a 
5 single T-DNA region, which is flanked by a right border and a left border. The first and second 
sets of DNA sequences are all located on the single T-DNA region. 

In the dsRNA-expressing embodiments shown in FIGS. 1 and 2, the order of the 
sequences may be altered fix>m that illustrated and described, however the non-coding 
sequences and the antisense sequences preferably are arranged around the spacer sequence such 

10 that, when expressed, the first non-coding sequence can hybridize to the first antisense 

sequence, the second non-coding sequence can hybridize to the second antisense sequmce, and 
the third non-coding sequence can hybridize to the third antisense sequence such that a single 
dsRNA molecule can be formed. Preferably the non-coding sequences are in a sense 
orientation, and the antisoise sequences are in an antisense orientation relative to the promoter. 

1 5 The numbers of non-coding, antisense, and coding sequences, and the various relative positions 

^ thereof on the T-DNA region(s) may also be altered in any maimer suitable for achieving the > 
goals of the present invention. ^ 

Referring now to FIGS. 3 and 4, the illustrated nucleic acid molecule conqirises a T- 
DNA region flanked by a right bcnrder and a left border, on which are located tibe first and 

20 second sets of DNA sequences. The first set of DNA sequences is operably linked to a 
promoter and a transcriptional termination signal. The second set of DNA sequences that 
comprises a first promoter operably linked to a first coding sequence, a secmid promoter 
operably linked to a second coding sequence, and a third promoter operably linked to a third 
coding sequence. The transcriptional termination signal can be any transcriptional termination 

25 signal fimctional in a plant, or any plant transcriptional tennination signal. Prefeired 
transcriptional termination signals include, but are not limited to, a pea Rubisco £9 3' 
sequence, a Brassica napin 3' sequence, a tml 3' sequence, and a nos 3' sequence. 

In the embodiment depicted in FIG. 3, the first set of DNA sequences, when expressed, 
is capable of forming a sense cosuppression construct that is enable of suppressing the 

30 expression of one or more proteins or transcripts encoded by, or derived firom, a gene selected 
from the group consisting of FAD2, FAD3^ and FATB. The first set of DNA sequences 

25 




PCT/US03/08610 



BNSDCCID: <WO ^0a080802A2_l_> 



^ "^'^ PCT/US03/08610 

WO 03/080802 

comprises three non-coding sequences, each of which expresses an RNA sequence (not shown) 
that exhibits identity to one or more non-coding region(s) of a gene selected ftom the group 
consisting of FAD2, FADS, and FATB genes. The non-coding sequences each express an RNA 
sequence that exhibits at least 90% identily to one or more non-coding region(s) of a gene 
5 selected from the group consisting of i^^2. FAD3, and FATB genes. The order of the non- 
coding sequences within Ihe first set of DNA sequences may be altered from that illustrated and 
described herein, but the non-coding sequences are arranged in a sense orientation relative to 
the promoter. 

FIG. 4 depicts an embodiment in which the first set of DNA sequences, when 
1 0 expressed, is capable of forming an antisense construct fliat is capable of suppressing the 

expression of one or more proteins or transcrqrts encoded by. or derived &om, a gene selected 
fixnn the group consisting of F^2. FAD3, and FATB. The first set of DNA sequences 
comprises three antisense sequences, each of which expresses an antisense RNA sequence (not 
shown) that exhibits identity to one or more non-coding region(s) of a gene selected from the 
1 5 group consistmg of FAD2, FADS, and FAIB genes. The antisense sequences each express an 
antisense RNA sequence that exhibits at least 90% identity to one or more nori-coding region(s) 
ofageneselectedfromthegroupconsistingofF^2.F^5.andF^7» genes. Theorderof 

the antisense sequences wiflnn the first set of DNA sequences may be altered fiwm that 
illustrated and described herein, but the antisense sequences are arranged in an antisense 



20 orientation relative to the proi 

The above-described nucleic add molecules are preferred embodiments which achieve 
the objects, features and advantages of the present invention. It is not intended that the present 
invention be hnrited to the illustrated embodiments. The arrangement of the sequences in the 
first and second sets of DNA sequences within the nucleic acid molecule is not Umited to the 
25 illustrated and described arrangements, and may be altered in any manner suitable for achieving 
the objects, features and advantages of the present invention as described herein and illustrated 
in the acconq>ai^ing drawings. 

E. Transpenir nrp^nniRms. and Methods for Producing Same 

Any of the nucleic acid molecules and coostnicts of the invention may be introduced 
30 into a plant or plant ceU in a permanent or transient manner. Preferred nucleic acid molecules 
and constructs of the present invention are described above in Parts A through D of tfie 
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Detafled Description, and in tiie Exanq>les. Another embodiment of the invention is directed to 
a method of producing transgenic plants which generally comprises the steps of selecting a 
suitable plant or plant cell, transforming the plant or plant cell with a recombinant vector, and 
obtaining a transformed host cell. 
5 In a preferred embodiment the plant or cell is, or is derived from, a plant involved in 

the production of vegetable oils for edible and industrial uses. Especially prefenred are 
temperate oilseed crops. Plants of interest include, but are not limited to, rapeseed (canola and 
High Erucic Acid varieties), maize, soybean, crambe, mustard, castor bean, peanut, sesame, 
cotton, linseed, safQower, oil palm, flax, simflower, and coconut. The invoition is applicable 

10 to monocotyledonous or dicotyledonous species alil^, and will be readily applicable to new 
and/or in^iroved transformation and regulatory techniques. 

Methods and technology for introduction of DNA into plant cells are well known to 
those of skill in the art, and virtually any method by which nucleic acid molecules may be 
introduced into a cell is suitable for use in the present invention. Non-limiting exanxples of 

15 suitable methods include: chemical methods; physical methods such as microinjection, 

electroporation, the gene gun, microprojectile bombardntient, and vacuum infiltration; viral 
vectors; and receptor-noiediated mechanisms. Oth^ methods of cell transfoimation can also be^: 
used and include but are not limited to introduction of DNA into plants by direct DNA transfer 
into pollen, by direct injection of DNA into reproductive organs of a plant, or by direct 

20 injection of DNA into the cells of immature embryos followed by the rehydration of desiccated 
embryos. 

Agrobacterium-me^tsd transfer is a widely applicable system for introducing genes 
into plant cells. See,^.g., Fraley et al,, Bio/Technology 5:629-635 (1985); Rogers et al.. 
Methods EnzymoL 755:253-277 (1987). The region of DNA to be tiansfeired is defined by the 

25 bord^ sequences and intervening DNA is usually inserted into the plant genome. Spielmann et 
al, MoL Gen. Genet. 205:34 (1986). Modem Agrobacterium transformation vectors are 
capable of replication in E. coli as well as Agrobacterium, allowing for convenient 
manipulations. Klee et aL, In: Plant DNA Infectious Agents, Hohn and Schell (eds.), Springer- 
Verlag, New York, pp. 179-203 (1985). 

30 The regeneration, development and cultivation of plants from single plant protoplast 

transformants or fix>m various transformed explants is well known in the art See generally, 
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Maliga et al. Methods in Plant Molecular Biology, Cold Spring Haibor Press (1995); 
Weissbach and Weissbach. In: Methods for Plant Molecular Biology. Academic Press. San 
Diego, CA (1988). Plants of the present invention can be part of or generated from a breeding 
program, and may also be reproduced using apomixis. Me&ods.for tiie production of 
5 aponrictic plants are known in the art. 5fee, e.g., U.S. Patent 5,81 1,636. 

In a preferred embodiment, a plant of the present invention that inchides nucleic acid 
sequences which when expressed are capable of selectively reducing the level of a FAD2. 
FADS, and/or FATB protein, and/or a FAD2, FAD3, and/or FAW transcript is mated with 
another plant of the present invention that includes nucleic acid sequences which when 
10 expressed are capable of overexpressing another enzyme. Preferably the other enzyme is 
selected from the group consisting of beta-ketoacyl-ACP synthase I, beta-ketoacyl-ACP 
synthase IV, delta-9 desaturase, and CP4 EPSPS. 
F, Products of the Presen t Invention 

Hie plants of the present invention may be used in whole or in part. Preferred plant 
15 parts include reproductive or storage parts. The term "plant parts" as used herein includes, 
without limitation, seed, endosperm, ovule, pollen, roots, tubers, stems, leaves, stalks, fruit, 
berries, nuts, bark, pods, seeds and flowers. In a particularly preferred embodiment of the 

present invention, the plant part is a seed. 

Any of the plants or parts thereof of the present invention may be processed to produce 

20 a feed, meal, protein, or oa preparation. A particularly preferred plant part for this purpose is a 
seed. In a preferred embodiment the feed, meal, protein or oil preparation is designed for 
Hvestock animals, fish or humans, or any combination. Methods to produce feed, meal, protein 
and oil preparations are known in the art. &e; e.g-, U.S. Patents 4.957.748, 5.100.679, 
5,219.596. 5,936.069. 6,005.076, 6,146,669. and 6.156,227. In aprefeired embodiment, the 

25 protein preparation is a high protein preparation. Such a high protein preparation preferably 
has a protein content of greater tiian 5% w/v. more preferably 10% w/v. and even more 
preferably 15% w/v. 

In a preferred oH preparation, the oil preparation is a high oU preparation with an oil 
content derived from a plant or part fliereof of the present invention of greater than 5% w/v, 
30 more preferably 10% w/v, and even more preferably 15% w/v. In a preferred embodiment the 
«ii ™«namtion is a liauid and of a volume greater than 1, 5, 10 or 50 titers. The present 
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invention provides for oil produced from plants of the present invention or generated by a 
methodof the present invention. Such an oil may exhibit enhanced oxidative stability. Also, 
such oil may be a minor or major component of any resultant product. 

Moreover, such oil may be blended with other oils. In a preferred enibodiment, the oil 
5 produced from plants of the present invention or generated by a method of the present invention 
constitutes greater than 0.5%, 1%, 5%, 10%, 25%, 50%, 75% or 90% by volume or weight of 
the oil component of any product In another embodiment, tiie oil preparation may be blended 
and can constitute greater than 10%, 25%, 35%, 50% or 75% of the blend by volume. Oil 
produced from a plant of the present invention can be admixed with one or more organic 

10 solvents or petroleum distillates. 

Seeds of the plants may be placed in a container. As used herein, a container is any 
object capable of holding such seeds. A container preferably contains greater than about 500, 
1,000, 5,000, or 25,000 seeds where at least about 10%, 25%, 50%, 75% or 100% of the seeds 
are derived from a plant of the present invention. The present invention also provides a 

1 5 ccmtainer of over about 10,000, more preferably about 20,000, and even more preferably about 
40,000 seeds where over about 10%, more preferably about 25%, more preferably 50% and 

r 

even more preferably about 75% or 90% of the seeds are seeds derived from a plant of the 
present invention. The present invention also provides a container of over about 10 kg, more 
Inferably about 25 kg, and even more preferably about 50 kg seeds where over about 10%, 
20 more preferably about 25%, more preferably about 50% and even more preferably about 75% 
or 90% of the seeds are seeds derived from a plant of the present invoition. 

G. Oil Compositions 

For many oil applications, saturated fatty acid levels are preferably less tiian 8% by 
weight, and more preferably about 2-3% by weight. Saturated fatty acids have high melting 

25 points which are undesirable in many applications. When used as a feedstock for fiiel, 

saturated fatty acids cause cloudxag at low tenq)eratuies, and confer poor cold flow properties 
such as pour points and cold filter plugging points to the fiiel. Oil products containing low 
saturated fatty acid levels may be preferred by consumers and the food industry because they 
are perceived as healthier and/or may be labeled as "^saturated &t free'^ in accordance with FDA 

30 guidelines. In addition, low saturate oils reduce or eliminate the need to winterize the oil for 
food s^pUcations such as salad oils. In biodiesel and lubricant appUcations oils with low 
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acid levels confer improved cold flow properties and do not cloud at low 



temperatures. 

The fectors governing the physical properties of a particular oil are complex. Palmitic, 
stearic and other saturated fatty acids are typically solid at room temperature, in contrast to flie 
5 unsaturated fetty adds, which remaixx liquid. Because saturated fatty adds 

boxids in theacyl chain. theyremainstabletooxidationatelevatedtemperatures. Saturated 

fetty acids are important components in margarines and chocolate formulations, but for many 
food apphcations. reduced levels of saturated fatty acids are desired. 

Oleic add has one double bond, but is still relatively stable at high tenq,eratures. and 

10 oils with high levels of oleic add are suitable for cooking and other processes where heating is 
squired. Recently, increased consumption of hi^ oleic ofls has been recommended, because 

oleic acid appears to lower blood levels of low density Upoprotems («LDLs*0 without affecting 
levels of high density lipoprotdns ('-HOLs"). However, some limitation of oleic acid levels is 
desirable, because when oldc add is degraded at high ten^eratures. it creates negative flavor 
15 con^undsanddiminishesthepositiveflavorscreatedbythearidationoflm^^^^ Neff 
et al., JAOCS, 77 :1303-1313 (2000); Warner et d., J. Agric. Food Chem. 49:899-905 (2001). 
Pref^ed oils have oldc add levels that are 65-85% or less by weight, in order to limit off- 
flavors in food appUcations such as frying oil and Med food. Other preferred oils have oleic 
acid levels that are greater than 55% by weight in order to improve oxidative stabiUty. 
20 Linoldc add is a major polymisaturated fetty add in foods and is an essential mrtrient 

for humans. It is a desirable conqnment for many food appUcations because it is a major 
precurs^ of fried food flavor substances such as 2.4 decadienal. whichmate fried foods taste 
good. However, linoldc add has limited StabiUty when heated. Preferred food oils have 
linoldc acid levels that are 10% or greater by wdght. to enhance the formation of desirable 
25 fried food flavor substances, and also are 25% or less by wdght. so that the formation of off- 
flavors is reduced. Linoldc acid also has cholesterol-lowering properties, although dietary 
excess can reduce the abiUty of human cells to protect themselves ftom oxidative damage, 
thereby increasing the risk of cardiovascular disease. Toborek fl/.. ^ 7. C/m. J. 75:119-125 
(2002). See generally Flavor Chemistry of Lipid Foods, editors D3. Min & T.H. Smouse. Am 
30 Oil Chem. Soc.. Champaign, IL (1989). 
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Linoleic acid, having a lower melting point than oleic acid, further contributes to 
tnq)roved cold flow properties desirable in biodiesel and biolubricant applications. Preferred 
oils for most ai>plications have linoleic acid levels of 30% or less by weight, because tiie 
oxidation of linoleic acid limits the useful storage or use-time of jBying oil, food, feed, fuel and 
5 lubricant products. See generally. Physical Properties of Fats, Oils, and Efuidsiflers, ed. N. 
Widlak, ACKIS Press (1999); Erhan & Asadauskas, Lubricant Basestocks from Vegetable Oils^ 
Industrial Crops and Products, 1 1 iin-lil (2000). In addition, high linoleic acid levels in 
cattle feed can lead to undesirably high levels of linoleic acid in the milk of dairy cattle, and 
therefore poor oxidative stability and flavor. Timmons et aLy J. Dairy Sci. 84:2440-2449 
(2001). A broadly useful oil composition has linoleic acid levels of 10-25% by weight 
Linolenic acid is also an important conponent of the human diet. It is used to 
synthesize the co-3 family of long-chain fatty acids and the prostaglandins derived therefrom. 
However, its double bonds are highly susceptible to oxidation, so that oils with high levels of 
linolenic acid deteriorate rapidly on exposure to air, especially at high temperatures. Partial 
hydrogenation of such oils is often necessary before they can be used in food products to retard 
the formation of off-flavors and rancidity when the oil is heated, but hydrogenation creates 
unhealthy trans fatty acids which can contribute to cardiovascular disease. To achieve - 
inqm>ved oxidative stability, and reduce the need to hydrogenate oil, preferred oils have 
linolenic acid levels that are 8% or less by weight, 6% or less, 4% or less, and more preferably 
0.5-2% by weight of the total fatty acids in the oil of the present invention. 

The oil of the present invention can be a blended oil, synthesized oil or in a preferred 
embodiment an oil generated from an oilseed having an appropriate oil composition. Li a 
preferred embodiment, the oil is a soybean oil. The oil can be a cmde oil such as crude 
soybean oil, or can be a processed oil, for example the oil can be refined, bleached, deodorized, 
and/or winterized. As used herein, ''refining" refers to a process of treating natural or 
processed fat or oil to remove impurities, and may be accomplished by treating fat or oil with 
caustic soda, followed by centrifiigation, washing with water, and heating under vacuimL 
'"Bleaching^ refers to a process of treating a &t or oil to remove or reduce the levels of coloring 
materials in the &t or oil. Bleaching may be acconq)lished by treating fat <nr oil with activated 
charcoal or Fullers (diatomaceous) earth. 'T)eodorizing" refers to a process of removing 
components from a fat or oil that contribute objectionable flavors or odors to the end product, 
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and inay be accomplished by use of high vacuum and superheated steam washing. 
"Winterizing" refers to a process of removing saturated glycerides from an oil. and may be 
accomplished by chilling and removal of soUdified portions of fet from an oU. 

A preferred oil of the present invention has a low saturate oil con?>osition, or a zero 
5 saturate oil con^sition. In other preferred embodiments, oils of the present invention have 
increased oleic acid levels, reduced saturated fetty levels, and reduced polyunsaturated fetty 
acid levels. In a preferred embodiment, the oil is a soybean oil. The pereentages of fatty acid 
content, or fetty acid levels, used herein refer to percentages by weight 

In a first enibodiment. an oH of the present invention preferably has an oU composition 
10 that is 55 to 80% oleic acid. 10 to 40% linoleic acid. 6% or less linolenic acid, and 2 to 8% 

saturated fetty acids; more preferably has an oil composition that is 55 to 80% oleic acid. 10 to 
39% linoleic acid. 4.5% or less linolenic acid, and 3 to 6% saturated fetty acids; and even more 
preferably has an oil composition that is 55 to 80% oleic acid. 10 to 39% linoleic acid. 3.0% or 
less hnolenic acid, and 2 to 3.6% saturated fetty acids. 
15 ma second embodiment, an oil of die present invention preferably has an oil 

composition that is 65 to 80% oleic acid. 10 to 30% linoleic acid, 6% or less linolenic acid, and 
2 to 8% saturated fetty acids; more preferably has an oil composition that is 65 to 80% oleic 
acid. 10 to 29% linoleic acid, 4.5% or less linolenic acid, and 3 to 6% saturated fetty acids; and 
even more preferably has an oU composition that is 65 to 80% oleic acid, 10 to 29% linoleic 
20 acid, 3.0% or less linolenic acid, and 2 to 3.6% saturated fetty acids. 

In other embodiments, the percentage of oleic acid is 50% or greater, 55% or greater. 
60% or greater. 65% or greater. 70% or greater, 75% or greater, or 80% or greater, or is a range 
from 50 to 80%; 55 to 80%; 55 to 75%; 55 to 65%; 65 to 80%; 65 to 75%; 65 to 70o/.; or 69 lx> 
73%. Suitable percentage ranges for oleic acid content in oils of the present invention also 
25 include ranges in which die lower limit is selected from the following percentoges: 50. 5 1 . 52. 
53, 54, 55, 56, 57, 58, 59. 60. 61. 62. 63, 64, 65, 66. 67. 68. 69, 70, 71, 72. 73. 74. 75. 76. 77, 
78, 79. or 80 percent and the upper limit is selected from the following percentages: 60, 61. 62. 
63. 64'. 65, 66, 67, 68. 69. 70. 71. 72. 73. 74. 75. 76. 77, 78. 79. 80. 81. 82. 83, 84. 85. 86, 87. 

88, 89, or 90 percent. 

In these other embodiments, the percentage of linoleic acid in an oil of the present 
invention isarangefroml0to40o/o; 10to39%; 10to30o/o; 10to29%; 10 to28o/o; 10 to25o/o; 
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10 to 21%; 10 to 20%; 1 1 to 30%; 12 to 30%; 15 to 25%; 20 to 25%; 20 to 30%; or 21 to 24%. 
Suitable percentage ranges for linoleic acid content in oils of the present invention also include 
ranges in which the lower limit is selected from the following percentages: 10, 1 1, 12, 13, 14, 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 percent; and the upper limit is 
5 selected from tfie following percentages: 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 
34, 35, 36, 37, 38, 39, or 40 percent. 

In these oih&r embodiments, the percentage of linolenic acid in an oil of the present 
invention is 10% or less; 9% or less; 8% or less; 7% or less; 6% or less; 5% or less; 4.5% or 
less; 4% or less; 3.5% or less; 3% or less; 3.0% or less; 2.5% or less; or 2% or less; or is a 
10 range from 0.5 to 2%; 0.5 to 3%; 0.5 to 4.5%; 0.5% to 6%; 3 to 5%; 3 to 6%; 3 to 8%; 1 to 2%; 
1 to 3%; or 1 to 4%. In these other embodunents, the percentage of saturated fatty acids in an 
oil con^sitioQ of the present invention is 15% or less; 14% or less; 13% or less; 12% or less, 
11% or less; 10% or less; 9% or less; 8% or less; 7% or less; 6% or less; 5% or less; 4% or less; 
or 3.6% or less; or is arange from 2 to 3%; 2 to 3.6%; 2 to 4%; 2 to 8%; 3 to 15%; 3 to 10%; 3 
15 to 8%; 3 to 6%; 3.6 to 7%; 5 to 8%; 7 to 10%; or 10 to 15%. 

An oil of the present invention is particularly suited to use as a cooking or frying oil. « 
Because of its reduced polyunsaturated fatty acid content, the oil of the present invention does- 
not require the extensive processing of typical oils because fewo- objectionable odorous and 
colorant compounds are present In addition, the low saturated fatty acid content of the present 
20 oil iaq>roves the cold flow properties of the oil, and obviateis the need to heat stored oil to 

prevent it from crystallizing or solidifying. Improved cold flow also enhances drainage of oil 
from fried food material race it has been removed fitjm frying oil, thereby resulting in a lower 
fat product. See Bouchon ei aL, J, Food Science 66: 918-923 (2001). The low levels of 
linolenic acid in the present oil are particularly advantageous in frying to reduce off-flavors. 
25 The present oil is also well-suited for use as a salad oil (an oil tiiat Tnaintainft clarity at 

refrigerator temperatures of 40-50 degrees Fahrenheit). Its inq)roved clarity at refrigerator 
temperatures, due to its low saturated fatty acid and moderate linoleic acid content, reduces or 
eliminates the need to winterize the oil before use as a salad oil. 

In addition, the moderate linoleic and low linolenic acid content of the present oil make 
30 it well-suited for the production of shortening, margarine and other semi-solid vegetable fats 
used in foodstuflfe. Production of these frits typically involves hydrogenation of unsaturated 
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oils such as soybean oil. com oU. or canola oil. The increased oxidative and flavor stabiUty of 
the present oU mean that it need not be hydrogenated to the extent that typical vegetable ofl is 
for uses such as margarine and shortening, ttiereby reducing processing costs and the 

production of unhealthy trans isomers. 

5 An oil of the present invention is also suitable for use as a feedstock to produce 

biodiesel. particularly because biodiesel made from such an oil has improved cold flow, 
improved ignition quality (cetane number), improved oxidative stabiUty, and reduced nitric 
oxide emissions. Biodiesel is an alternative diesel fuel typically comprised of methyl esters of 
satarated. monom^aturated. and polyunsaturated C,^ fetty acids. Cetane number is a 

1 0 measure of ignition quality - the shorter the ignition delay time of fuel in the engine, the higher 
the cetane number. THe ASTM standard specification for biodiesel fuel (D 675 1-02) requires a 

TniwTninn cetane number of 47. 

The use of biodiesel in conventional diesel engines results in substantial reductions of 
pollutants such as sulfetes, carbon monoxide, and particulates compared to petroleum diesel 
15 fuel, and use in school buses can gteafly reduce children's exposure to toxic diesel exhaust A 
limitation t» the use of 100% conventional biodiesel as fuel is the high cloud point of 
conventional soy biodiesel (2 degrees C) compared to nmnber 2 diesel (-16 degrees C). Dum. 
et oL. Recent. Res. Devd. in 00 Chem., 1:31-56 (1997). Biodiesel made from oil of the present 
invention has an improved (reduced) cloud point and cold filter plugging point, and may also 
20 be used in blends to improve the cold-temperature properties of biodiesel made from 

inexpensive but highly saturated sources of fet such as animal fiits (taUow. lard, chicken fat) 
and pahn oil. Biodiesel can also be blended with petroleum diesel at any level. 

Biodiesel is typically obtained by extracting, filtering and refining soybean ofl to 
remove free fets and phosphoUpids. and then Ixansesteri^g the oil with methanol to form 
25 methyl esters ofthe fatty acids. &e. e.g.. U.S. Patent No. 5.891.203. TUe resultant soy methyl 
esters are commonly referred to as ♦♦biodiesel." The oil of the present invention may also be 
used as a diesel fiiel wifliout flie formation of methyl esters, such as, for example, by mixing 
acetals with the oil. See, e.g., U.S. PatentNo. 6,013.1 14. Due to its improved cold flow and 
oxidative stability properties, the ofl of the present invention is also usefiil as a lubricant, and » 
30 a diesel fiiel additive. See. e.g., U.S. Patent Nos. 5.888,947. 5.454,842 and 4.557.734. 
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Soybeans, and oils of the present invention are also suitable for use in a variety of 
soyfoods noade from whole soybeans, such as soymiDc, soy nut butter, natto, and tempeh, and 
soyfoods made from processed soybeans and soybean oil, including soybean meal, soy flour, 
soy protein concentrate, soy protein isolates, tescturized soy protein concentrate, hydrolyzed soy 
5 protein, whipped topping, cooking oil, salad oil, shortening, and lecithin. Whole soybeans are 
also edible, and are typically sold to consumers raw, roasted, or as edamam6. Soymilk, which 
is typically produced by soaking and grinding whole soybeans, may be consumed as is, spray- 
dried, or processed to form soy yogurt, soy cheese, tofti, or yuba. The present soybean or oil 
may be advantageously used in these and other soyfoods because of its in^oved oxidative 
10 stability, the reduction of off-flavor precursors, and its low saturated fetty acid level. 

The following exan^les are illustrative and not intended to be limiting in any way. 



EXAMPLES 

Example 1 Suppression Constructs 

lA. FADl'l Constructs ' 

15 The FADl'l A intron (SEQ ID NO: 1) is cloned into the expression cassette, 

pCGN3892, in sense and antisense orientaticms. The vector pCGN3892 contains the soybean 
78 promoter and a pea rhd& 3'. Both gene fusions are then separately ligated into pCGN9372, 
a vector that contains the CP4 EPSPS gene regulated by the FMV promoter. The resulting 
CTqiression constructs ^GN5469 sense and pCGN5471 antisense) are used for transformation 
20 of soybean. 

The FADl'lB intron (SEQ ID NO: 2) is fused to the 3 ' end of the FADl-lA intion in 

r 

plasmid pCGN5468 (contains the soybean 78 promoter fused to the FAD2'1A intron (sense) 
and a pea rbcS 3') or pCGN5470 (contains the soybean 7S promoter fused to the FADl-lA 
intron (antisense) and a pea r6cS 3') in sense or antisense orientation respectively. The 
25 resulting intron combination fusions are then ligated separately into pCGN9372, a vector tiiat 
contains the CP4 EPSPS gene regulated by the FMV promoter. The resulting expression 
constructs (pCGN5485, FADl-lA & FADl-lB intron sense and pCGN5486, FAD2-1A & 
FAD2'1B intron antisense) are used for transformation of soybean. 
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IB. FAD3-1 Constructs 

FAD3.1A inlnms #1. #2. #4 and #5 (SEQ ID NOs: 7, 8. 10 and 1 1. respectively). 
FADS.1B introns #3C (SEQ ID NO: 23) and #4 (SEQ ID NO: 24). are aU Ugated separately 
into PCGN3892. in sense or antisense orientations. pCGN3892 contains the «>ybean 7S 
promoterandapearbcSS'. n.ese fusions are Ugated into pCGN9372. a vector that contan. 
ihea>4£PSP5generegulatedbytheFMVpromoterfortransfornmtionintosoyW The 

resulting repression constructs (pCGN5455. FADS-IA intron #4 sense; pCGN5459. FADS-IA 
intron #4 antisense; pCGN5456. FADS intron #5 sense; pCGN5460. FADS-IA intron #5 
antisense; pCX5N5466. FADS-IA intron ^ antisense; pCGN5473. FADS-IA intron #1 
antisense) are used for transfonnation of soybean. 
IC. FatB Constructs 

ll.e soybean FAW intron H sequence (SEQ ID NO: 30) is anrplified via PGR using a 

- 1 - - ♦«««^iat«. prR amolification is carried out as follows: 1 
FATB partial genomic clone as a tenq?late. J:**^ ampim*,auu 

cycte. 95-C for 10 ^ 25 cyd«. 95-C ft, 30 «c. 62-C for 30 sec. 72»C for 30 «c; 1 oycle. 

15 72«Cfor7nmuKRampIife.ttonresulBtaaproduct1h«i«8541>pl<mg.moh»i^ 
„engme«di««ction*»« boa ends. Tta PGR product is cloned dir** teu. *e 
e^on cass«« PCC3N3892 » oheoWon. by of si«s 
5.endsof*ePCKprim«s.»fonnpMON70674. v.c«.r pCa.3892 oonUms soybean 7S 
p^nottr «rf . p«. Acs 3-. pMON70674 is fl.=a cut witt. Wotf =n«i U8«»d inU. pMON41164. a 

20 vectorfh«co«*..taCP4f«rigen...gula.edbythcFMVpron««.r.Tl««^^ 
.^^on co,«n».. PMON70678. i. »sed to tnmsforn.at>on of soybe^ 

methods. /oT2r\ 
Two other expression constructs containing the soybean 23 intron H sequence (SEQ 

ID NO- 30) are created. pMON70674 is cut with Notl and Ugated into pMON70675 which 
25 containstheCP4£PSP5generegulatedbytheFMVpronu,1erandtheiC4^/r^^ 

tythenapinpronK>ter.resultinginpMON70680. m e^sion vector pMON70680 is then 
cut with SnaBl and Ugated wi& a gene fosion of the jojoba delta.9 desaturase gene (SEQ ID 
NO- 41) in sense orientation regulated by the 7S promoter. Tbe expression constructs 
PMON70680 and pMON70681 are used for transformation of soybean using Agrobacterium 

30 methods. 
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ID. Combination Constructs 

Expression constructs are made containing various permutations of a first set of DNA 
sequences. The first set of DNA sequences are any of those described, or illustrated in FIGS. 5 
and 6, or any other set of DNA sequences that contain either various combinations of sense and 
antisense FAD2^ FADS, and FATB non-coding regions so that they are capable of forming 
dsRNA constructs, sense cosuppression constructs, antisense constructs, or various 
combinations of the foregoing. 

FIGS. 5(a)-(c) depict several first sets of DNA sequCTces which are capable of 
expressing sense cosuppression or antisense constructs acccnrding to the present invention, the 
non-coding sequences of which are described in Tables 1 and 2 below. The non-coding 
sequences may be single sequences, combinations of sequences (e.g,^ the S'UTR linked to the 
3'UTR), or any combination of the foregoing. To express a sense cosuppression construct, all 
of the non-coding sequences are sense sequences, and to express an antisense construct, all of 
the non-coding sequences are antisense sequences. FIG. S(d) depicts a first set of DNA 
sequences which is capable of e?q>iessing sense and antisense constructs according to the 
present invention. 

FIGS. 6(a)-(c) depict several first sets of DNA sequences which are capable of 
expressing dsRNA constructs according to the present invention, the non-coding sequences of 
which are described in Tables 1 and 2 below. The first set of DNA sequences depicted in FIG. 
6 conq)rises pairs of related sense and antisense sequences, arranged such that, eg., the RNA 
expressed by the first sense sequence is capable of forming a double-stranded KNA with the 
antisense RNA e^qiressed by thfa first antisense sequence. For exaiiq>le, referring to FIG. 6(a) 
and illustrative combination No. 1 (of Table 1), the first set of DNA sequences comprises a 
sense FADl-l sequence, a sense FADS-l sequence, an antisense FADl-l sequence and an 
antisense FADS^l sequence. Both antisense sequences correspond to the sense sequences so 
fliat Ae expression products of die first set of DNA sequences are capable of forming a double- 
stranded RNA with each other. The sense sequences may be separated firom the antisense 
sequences by a spacer sequence, preferably one that promotes the formation of a dsRNA 
molecule. Examples of such spacer sequences include those set forth in Wesley et al., supra^ 
and Hamilton et al.^ Plant J., 15'J31'1A6 (1988). The promoter is any promoter functional in a 



37 



BNSOCXID: <WO 



.03080e0aA2^l.> 



c 



c 



PCT/US03/08610 



WO 03/080802 



10 



plant, oranyplantpromoter. Non4iimting examples of suitable pronu,ters are de^^ 

D of the Detailed Description. 

The first set of DNA sequences is inserted in an expressi<m 

or anti-sense orientation using a variety of DNAxnanipulationteclmiques^ If convenient 

restriction sites are present in fte DN A sequences. Ihey are inserted into the egression 

consmxct by digesting with ^ restriction endonucleases and ligation 

been digested at one or more of the available cloning sites. If convenient restriction sites are 

not available in the DNA sequences. ^ DNA of either the construct or the DN A sequences « 

modified in a variety of ways to facilitate cloning of the DNA ^ces into the construct. 

Exaniples of n^thods to nK>dify the DNA include by PC^ synthetic li^ 

in vitro site^irected mutag^esis. filling in or cutting back of overhanging 5' or 3' ends, and 

the like. These and other methods of manipulating DNA are well known to those of ordmary 

skill in the art. 
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Table 1 



Blustiative 

Co iribinations [First 

FAD2-1A or B 



11 

T2 



13 



18 



1 F AD3-1A oxBotC 



Non-Coding Se< 
Second 

FAD2-IA or B 



\FAD2-IA or B 

\fAD2-1A orB 
FAD2 ' JA ^B 
\faD3'1A oxBorC 



^esfsen se or antisense] 
rthird 



iFourdi 



FADS-IA or B or C 

\fatb^ 
\fatb 

\fAD2-1A otB 



FAD3'JA at B ac C 

F AD3-lAasBotC 
FATB 

FAD2'1A or B 
FATB 



[diffexent FADS'IA 
or B or C se quence 

[FATB 

\fAD3'1AoxBoxC 

[FATB 

\FAD2-JA gx B 



wAnR^lAotBoxC \faD2-1AqcB 



\FAD2'JA or B 



\FAD3'lAotxBoxC 



[FADS'JAoxBoxC \fAD2-1AoxB 



\fAD3'JA at B 0^ ^ 



\dif[cxeatFAD3-IA 
1 or B or C sequence 



[different FidDi-M \FATB 
or B or C sequence 

[different FilDJ-M \fATB 
[oxB or Csequence 



lFAD2'JAaxB 



FATB 



\FAD2-lAatB \FAD3-lAGxBatC i*i42B 
\FAD3-lAatBatC \FAD2-lAax3 \fATB 



\FAD3-lAaxBoxC 
FAD2']A GtB 
1F'AD3-1A or B or C 



idiffisxeatFADS^IA [FATB 

or B or C sequence 

IfjiTB \FAD3-JAaxBaxC 



\FAD2'lAaxB 



FAD3-1A ax B ox C 



\6iSexeatFAD3'IA 



different FiiD3-i^ 
ftr B or C sequence 



diflFerentFwlD5-i^ 
or B or C 
FAD2-1A QxB 

different FilD5-i^ 
or B or C sequence 



different FAD3'1A 
or B or C sequence 
PAD2'lAaxB 
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oxBotC sequence 




19 


FATB 


FADI'IAkxB 


FADS-IA or B or C 


different FADS- J A 
or i? or C sequence 


20 


FATE 


FAD3-1A otBotC 


FAD2-I A or B 


different /vlD5-ii4 
or 5 or C sequence 


21 


FATB 


FADS'lA otBotC 


^crmtFADS'JA 
orBorC sequence 


FAD2'JAorB 



Table 2 





Correlation of SEQ ID NOs with Sequences in Table 1 




FAD2'1A 


FAD2-1B 


FADS'JA 


FADS'lB 


FAD3-1C 




3'UTR 


SEQ NO: 5 


n/a 


SEQ NO: 16 


SEQ NO: 26 


n/a 


SEQ NO: 36 


5'UTR 


SEQ NO: 6 


n/a 


SEQ NO: 17 


SEQ NO: 27 


n/a 


SEQ NO: 37 


5'+3'UTR(or 


Linked SEQ 


n/a 


Linked SEQ 


Linked SEQ 


n/a 


Linked SEQ 


3'+5' UTR) 


NOs: 5 and 6 




NOs: 16 and 17 


NOs: 26 and 27 




NOs: 36 and 37 


Intion#l 


SEQ NO: 1 


SEQ NO: 2 


SEQ NO: 7 


SEQ NO: 19 


n/a 


SEQ NO: 29 


]]itron#2 


n/a 


n/a 


SEQ NO: 8 


SEQ NO: 20 


n/a 


SEQ NO: 30 


Intron #3 


n/a 


n/a 


n/a 


n/a 


n/a 


SEQ NO: 31 


Ltitron #3 A 


n/a 


n/a 


SEQ NO: 9 


SEQ NO: 21 


n/a 


n/a 


Intron #3B 


n/a 


n/a 


SEQ NO: 12 


SEQ NO: 22 


n/a 


n/a 


Intron #3C 


n/a 


n/a 


SEQ NO: 13 


SEQ NO: 23 


n/a 


n/a 


Intron #4 


n/a 


n/a 


SEQ NO: 10 


SEQ NO: 24 


SEQ NO: 14 


SEQ NO: 32 


Intron #5 


n/a 


n/a 


SEQ NO: 11 


SEQ NO: 25 


n/a 


SEQ NO: 33 


Intron #6 


n/a 


n/a 


n/a 


n/a 


n/a 


SEQ NO: 34 


Intron #7 


n/a 


n/a 


n/a 


n/a 


n/a 


SEQ NO: 35 



Example 2 Combiiiation Constructs 

In Figures 7-15, promoters are indicated by arrows, encoding sequences (both coding I 
5 and non-coding) are indicated by pentagons \«4iich point in the direction of transcription, sense 
sequences are labeled in normal text, and antisense sequences are labeled in upside-down text. 
The abbreviations used in diese Figures include: 7Sa = 7Sa promoter; 7Sa' = 7Sa' promoter; 
Br napin = Brassica nspta promoter; FMV — an FMV promoten ARC — atcelin promoter; RBC 
E9 3' - Rubisco E9 tennination signal; Nos 3' = no^ termination signal; TML 3' = tnd 
10 termination signal; napin 3' = napin termination signal; ^3 (in the same box as FAD or FAT) ^ 
3* UTR; 5' (in the same box as FAD or FAT) = 5'UTR; Cr^ Cuphea pulcherrima; Gm = 
Glycine max; Rc = Eicinus communis^ FAB2 — a FAB2 allele of a stearoyl-desaturase gene; 
and Intr or Int = intron. 

2A. dsRNA Constructs 

1 5 FIGS. 7-9 depict nucleic acid molecules of the present invention in which the first sets 

of DNA sequences are capable of expressing dsRNA constmcts. The first set of DNA 
sequences depicted in FIGS. 7-9 conqmse pairs of related sense and antisense sequences, 
arranged such that, e^., the RNA exjnressed by the first sense sequence is capable of forming a 
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sMoenoes by a spacer sequence, as shown in no. 9. 

The second se. rfDNA se.^ eoopriaes c<»Jing se-^ ««* of «tach .s . 

5 DNAse,uence*a.=neoa.sase,«nc.«-.whencxp«asediscapah.cofh«r«^ 

• A ^r..rrint «ncoded bv a goie sclccted from the group consisting of KA£> 
hoih of the protein and transcript encodea oy a g«i 

, KASIV d.te-9des.n«s..»«iCP4a»a>S. Each coding se<,«o« is associa^d a 

Jron^te.' which can he an, p™n»» ft«.«ionai in a p.«>. or any ^ ^ 

™ 7Sci or 7Sa') promoter, an arcdm promoter, 
an FMV promoter, a napin promoter, a 7S (eidier 7Sa or /!« , p 

,0 adelt.-9deaanK.se,«»nota.or a f^i-W promoter. 

Rrf«„gnowtom7,so,heanF^2-; in^ 1 (SEQIDNO: 1 o.2->.FADS-U 
3.Um(SEQIDNal6).a».i'^n.3-irrR(SBQIDNO:36)s.^«.»nplifiedv,. 

PCRtoresva. in PCR products *.a.inctadere««ineer«.res.ic.icn sites a. both ends. Tbe 

PCR prodncta arc cloned directly, in sense ».d antisens. orie^ato* separated by a spbceabic 
soybean F^W^tatron 5 (SBQ ID NO: ID. into a vector contmmng the soyb«m7Sa- 

,„d a »»- 3- tennit-tion sequence by way of ^I sites enginee,^. ceto the 5- e^ 

.^thcPCRptimers. mvec»iatbencn.wi.h^.«.«dIigatcdintopMON4U64.a^ 
that contmns get- regolat^I by the FMV l^omoter and a p.. Fnbtsco E9 3 

^«„n sequence. Vectc. containing a C KAS IV gen. (SBQ ID NO: 39) 

reguUt=dbya^r<.^napinpron«*er»^a*,../<»..pin3-.ennin.aonse,„enc^^^^^^ 
.,^delta.9des.tMa.e(Mi2)gene(SEQIDNO:40)reguIa.edbyasoyb«nf^2 

,„d a nos 3- te™^ sequence, arc cut with appropriate r^tricSon en^ an^ 
rga.«.in«.pMON4n«4.1»eresuUinggene«,^oncc«s.r„ct,pMON6«39,isd.p.ctedm 

FIO 7andisusedfortran5fonnationusingn»«mdaasdcscibcdhe,«n. 

soybean FAD2., innon .(SEQ ID NO: I <. 2). FADS-U intron 4 (SEQ ID NO: 10). 
a„df^ramtronn(SBQIDNO:30)s«y«mcesarean,pMedvi.PCR.o.«ul.inPCR 

^ts that include rea^ineered restriction sites at both ends. The PCR product, ate cloned 

««t,t,flns seoarated by a spUceable soybean FAD3-1A mtron 
directly, in sense and antisense onentatxons, separaiea oy a sp 

5 (SEQ ID NO: 1 1), into a vector containing the soybean 7Sa' promoter and a m./ 3 ' 
^tion sequence, by way oiX^l sites engineered onto the 5' ends of the PCR prim^ 
The vector is then cut withi.oflandUga1edintopMON41164.avector that conta^ 
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EPSPS gene regulated by the FMV promoter and a pea Rubisco E9 3' termination sequence. 
The resulting gene expression construct, pMON68S40, is depicted in FIG. 7 and is used for 
transformation using methods as described herein. 

Soybean FAD2-1 intron 1 (SEQ ID NO: 1 or 2), FADS-IA intron 4 (SEQ ID NO: 10), 
5 and FATB intron n (SEQ ID NO: 30) sequences are anq>lified via PGR to result in PGR 

products that include reengineered restriction sites at botib ends. The PGR products are cloned 
directly, in sense and antisense orientations, separated by a spliceable soybean FADS-IA intron 
5 (SEQ ID NO: 1 1), into a vector containing Ifae soybean 7Sa' promoter and a tml 3' 
termination sequence, by way of Xhol sites engineered onto the 5' ends of the PGR primers. 

10 The vector is then cut with Notl and ligated into pMON41 164, a vector that contains the GP4 
EPSPS gene regulated by the FMV promoter and a pea Rubisco E9 3* termination sequence. A 
vector containing a C pulcherrima KAS IV gene (SEQ ID NO: 39) regulated by a Brassica 
napin promoter and a Brassica napin 3' termination sequence is cut with appropriate restriction 
enzymes, and ligated into pMON41 164. The resulting gene expression construct, 

1 5 pMON68S44, is depicted in FIG. 7 and is used for transformation using methods as described 
herein. 

-4 

Soybean FAD2-1 intron 1 (SEQ ID NO: 1 or 2), FAD3-1A intron 4 (SEQ ID NO: 10), , 
FATB intron II (SEQ ID NO: 30), and FADS-IB intion 4 (SEQ ID NO: 24) sequences are 
amplified via PGR to result in PGR products that include reengineered restriction sites at both 

20 ends. The PGR products are cloned directly, in sense and antisense orientations, separated by a 
spUceable soybean FAD3-1A intron S (SEQ ID NO: 1 1), into a vector containing the soybean 
7Sa' promoter and a tml 3' termination sequence, by way of Xhol sites engineered onto the 5' 
ends of the PGR primers. The vector is then cut with Notl and ligated into pM0N41 164, a 
vector that contains the GP4 EPSPS gene regulated by the FMV promoter and a pea Rubisco 

25 E9 3' termination sequence. The resulting gene esqpression construct^ pMON68S46, is depicted 
in FIG. 7 and is used for transformation using methods as described herein. 

Referring now to FIG. 8, soybean FAD2-1 intron 1 (SEQ ID NO: 1 or 2), FAD3-1A 
3*UTR (SEQ ID NO: 16), and FATB 3'UTR (SEQ ID NO: 36) sequences are amplified via 
PGR to result in PGR products that include reengineered restriction sites at both ends. The 

30 PGR products are cloned directly, in sense and antisense orientations, separated by a spliceable 
soybean FADS-IA intron 5 (SEQ ID NO: 1 1), into a vector containing the soybean 7Sa' 
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„^ and . 3- »n.»n.tion s«,u»c by v,., of JSoI sH» »gio««d o«o 5' ends 
offl^PCRprimer. •n-««ori»tocu.»«hW«i™>Hg«ed»«.pMON4U64..v=cU>r 
fl^ contains CP4 £P6PS g»e to p«>m«« «^ 

.e^n^ons.^. Ibe resuWng gen. «p.ossion oonsW* pMON68536. is dopic^d in 

FIG 8imdisU8edfbtli»is«>nna<ionMsingn««K>dsasdescnT)edhento 

Soy^FAD2., in«>n 1 (SEQ ID NO: 2). F^i-W 3-UTR (SEQ ID NO: 16). 
and f AH. 3-Um (SEQ ID NO: 36) se,u««s .r. »nplifi«l vi. PCR » r«»l. in PCR produ«s 
a« ineh.de ■«nginee«dr.«ric«onri«s« boa. ends. Tie PCR,«.duoB« cloned dn«:*-. 

sense and «*e.se ori«««ions. sep.r«ed by s splice*!, soybean FADS-U in»». 5 (SBQ 
ID KO- 1 1). into a ™« con«nning .he soyb=n. 7Sa- pnmoBT and a n«i 3- tennnum^ 

ae^. by way ofAJioI sites engine^ed onto the 5- ««is of d«PCR primers. Av»»or 
conWning . A ^ desa«.-e (F^2) go.. (SEQ ID NO: 40) «gul..«l by . 

soybean FAD2 '■A^'o.r tenninrtion se<pence. is out «id. appropri«. r«>.rictK». 

c„^andligat.di»st„ps..»mof.hc<»/3-..nnin..ionse,uen«. Tl,e vector is «««« 

^jVoflandligaMn«.pMON4U64.a«c....b..«».--«»CP*^«'««=°''^'^ 
byd.eFMVp.omo.-~-apK.RnbiscoE93-.enninationse.pene.. The parting g«« 

expression oons«».. pMON68537. is depic«d in nO. 8 and is ..sed for »nsft«..ion «smg 

mefliods as described hearein. 

SoybeaBF^i-i intron 1 (SEQIDNO: 1 or 2).F^5-i^ 3'Um(SEQIDNO: 16). 
andi^^3B3-Um(SEQIDNO: 36) sequences a« amplified viaPCRtoresuhinPC^ 

ij^tincludcreengineeredtesttictionsitesatbotheads. m PCR products are cloned directly, 
in sense and aatisense orientations, separated by a spUceable soybean FADS- 1 A intron 5 (SEQ 
ID NO- 1 1). into a vector containing the soybean 7Sa' promoter and a ^/ 3 ' tennmation 
sequence.bywayomoIshesengineeredontothe5'endsofthePCRpri«ers. ^vector. 

then cut withAraflandUgat«iintopMON41l64,avector that conta^ 
^gulated by the FMV promoter and a pea R»biscoE9 3' tennination sequence. Avector 

containing a C. pulcherrima KAS IV gene (SEQ ID NO: 39) regulated by a Brassica napm 
promoter and a Brassica napin 3 ' termination sequence is cut widx appn>priate restriction 
enzymes, and Ugated into PMON41164. The resulting gene expression construct. 
30 PMON68538. is depicted in HG. 8 and is used for transformation using methods as descnbed 

herein. 
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Referring now to FIG. 9, soybean FAD2-1 3'UTR (SEQ ID NO: 5), FATB 3 'UTR 
(SEQ ID NO: 36), FADS^IA 3'UTR (SEQ ID NO: 16), and FAD3^1B 3'UTR (SEQ ID NO: 26) 
sequences are amplified via PGR to result in PGR products that include reengineered restriction 
sites at both ends. The PGR products are cloned directly, in sense and antisCTse orientations, 
5 separated by a spHceable soybean FADS- J A intron 5 (SEQ ID NO: 1 1), into a vector containing 
the soybean 7Sa' promoter and atnilS^ t^mination sequence, by way ofXhoI sites engineered 
onto the 5* ends of the PGR primers. The vector is then cut with Notl and ligated into 
pMON41 164, a vector that contains the CP4 EPSPS gene regulated by the FMV promoter and 
a pea Rubisco E9 3' termination sequence. The resulting gene expression construct, 
1 0 pMON80622, is depicted in FIG. 9 and is used for transformation using methods as described 
herein. 

Soybean FAD2'J 3'UTR (SEQ ID NO: 5), FATB 3'UTR (SEQ ID NO: 36), and 
FAD3-1A 3 'UTR (SEQ ID NO: 16) sequences are amplified via PGR to result in PGR products 
that include reengineered restriction sites at both ends. The PGR products are cloned directly, 

15 in sense and antisense orientations, separated by a spliceable soybean FADS-IA intron 5 (SEQ 
ID NO: 1 1), into a vector containing the soybean 7Sa' promoter and a,tmiy termination ^ 
sequence, by way ofXhol sites engineered onto the 5 ' ends of the PGR primers. The vector is . 
then cut with Notl and ligated into pMON41 164, a vector that contains flie GP4 EPSPS gene 
regulated by the FMV promoter and a pea Rubisco E9 3 * termination sequence. The resulting 

20 gene expression construct, pMON80623, is depicted in FIG. 9 and is used for transformation 
using methods as described herein. 

Soybean FAD2-1 5'UTR.3'UTR (SEQ ID NOs: 6 and 5, ligated together), FATB 
5*UTR-3'UTR (SEQ ID NOs: 37 and 36, ligated together), FADS-IA 3'UTR (SEQ K) NO: 16) 
and FAD3-1B 5'UTR.3'UTR (SEQ ID NOs: 27 and 26, ligated together) sequences are 

25 anq)lified via PGR to result in PGR products that include reengineered restriction sites at both 
ends. The PGR products are cloned directly, in sense and antisense orientations, into a vector 
containing the soybean 7Sa' promoter and atmlS* termination sequence, by way ofXhoI sites 
engineered onto the 5' ends of the PGR primers. The vector is then cut with Notl and ligated 
into pMON41 164, a vector that contains the GP4 EPSPS gene regulated by the EMV promoter 

30 and a pea Rubisco E9 3 ' termination sequence. The resulting gene expression construct, 05, is 
depicted in FIG. 9 and is used for transformation using methods as described herein. 
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Soybean FAD2-J S'UTR-S'UTR (SEQ ID NOs: 6 and 5, ligated togetber), FATB 
5'UTR.3'UTR (SEQ ID NOs: 37 and 36. ligated together) and FADS-IA 3'Um (SEQ ID NO: 
1 6) sequences are amplified via PGR to result in PGR products that include reengineered 
restriction sites at both ends. The PGR products are cloned directly, in sense and antisense 
5 c^entations. into a vector containing die soybean 7Sa' promoter and a /«/ 3' te^ 

sequence, by way ofXhol sites engineered onto the 5' ends of the PGR primers. The vector is 
then cut with Notl and ligated into pMON41 1 64. a vector that contains the GP4 EPSPS gene 
regulated by the FMV promoter and a pea RubiscoE9 3' termination sequence. Avector 

contanring a C. pulchernma KAS IV gene (SEQ ID NO: 39) regulated by a Brassica napin 
10 promoter and a Brassica napin 3' termination sequence is cut with appropriate restriction 
enz>^. and ligated into pMON41 164. The resulting gene expression consixuct, 06. is 
depicted in FIG. 9 and is used for transformation using methods as described herein. 
2B. Sense Cosuppression Constructs 

FIGS. 10-13 depict nucleic acid molecules of the present invention in which the first 
15 sets of DNA sequences are capable of expressing sense cosuppression constructs. Ihe second 
set of DNA sequences comprises coding sequences, each of which is a DNA sequence that 
encodes a sequence that when expressed is capable of increasing one or both of the protein and 
transcript encoded by a gene selected from the group consisting of KAS I, KAS IV, delta-9 
desaturase.andCP4£PSP5. Each coding sequence is associated with a promoter, which is any 
20 promoter fimctional in a plant, or any plant promoter, and may be an FMV promoter, a napin 
promoter, a 7S promoter (either 7Sa or 7Sa'). an arcelin promoter, a delta-9 desaturase 

promoter, or a FAD2-1A promoter. 

Referring now to FIG. 1 0, soybean FAD2.J intron 1 (SEQ ID NO: 1 or 2), FAD3-1C 
inlron 4 (SEQ ID NO: 14), FAW intron H (SEQ ID NO: 30). FADS-lA inlnm 4 (SEQ ID NO: 
25 10). and FADS-IB intron 4 (SEQ ID NO: 24) sequences are an^lified via PGR to result in PGR 
pro'ductsthatincludereengineeredrestrictionsitesatbothends. THe PGR products aie cloned 
directly, in sense orientation, into a vector containing the soybean 7Sa' promoter and a pea 
Rubisco E9 3' termination sequence, by way of ^I sites engmeered onto the 5' ends of the 
PGRprimers. ^vector is then cut wifliAfo/I and ligated into pMON41 164. a vector that 

30 contains the GP4 EPSPS gene regulated by the FMV promoter and a pea Rubisco E9 3 ' 
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termination sequence. The resulting gene expression construct, pMON68S22, is depicted in 
FIG. 10 and is used for transformation using methods as described herein. 

Soybean FAD2'1 intron 1 (SEQ ID NO: 1 or 2), FAD3-1A intron 4 (SEQ ID NO: 10), 
FAD3-JB intron 4 (SEQ ID NO: 24), and FATB intron n (SEQ ID NO: 30) sequences are 
5 amplified via PGR to result in PGR products that include reengineered restriction sites at both 
ends. The PGR products are cloned directly, in sense orientation, into a vector containing the 
soybean 7Sa* promoter and a t^nl 3 ' termination sequence, by way of Xhol sites engineered 
onto the S' ends of the PGR primers. The vector is then cut with NotI and ligated into 
pM0N41 164, a vector that contains the GP4 EPSPS gene regulated by the FMV promoter and 

10 a pea Rubisco E9 3 ' termination sequence. Vectors containing a C. pulcherrima KAS IV gene 
(SEQ ID NO: 39) regulated by a Brassica napin promoter and a Brassica napin 3' termination 
sequence, and a K communis delta-9 desaturase (FAB2) gene (SEQ ID NO: 40) regulated by a 
soybean FAD2 promoter and a nos 3 ' termination sequence, are cut with appropriate restriction 
enzjones, and ligated into pMON4 11 64. The resulting gene expression construct, 

1 S pMON80614, is depicted in FIG. 10 and is used for transformation using methods as described 
herein. 

Soybean FADl-l intron 1 (SEQ ID NO: 1 or 2), FAD3-1A 3'UTR (SEQ ID NO: 16), 
and FATB 3 'UTR (SEQ ID NO: 36) sequences are amplified via PGR to result in PGR products 
that include reengineered restriction sites at both ends. The PGR products are cloned directly, 

20 in sense orientation, into a vector containing the soybean 7Sa' promoter and a tml 3' 

termination sequence, by way of Xhol sites mgineered onto the S' ends of die PGR primers. 
The vector is ihsa cut with Notl and ligated into pMON41 164, a vector that contains the GP4 
EPSPS gene regulated by the FMV promoter and a pea Rubisco E9 3' termination sequence. 
The resulting gene expression construct, pMON68S3 1, is depicted in FIG. 10 and is used for 

25 transformation using methods as described herein. 

Soybean FAD2-1 intron 1 (SEQ ID NO: 1 or 2), FAD3-1A 3'UTR (SEQ ID NO: 16), 
and FATB 3 'UTR (SEQ ID NO: 36) sequences are amplified via PGR to result in PGR products 
that include reengineered restriction sites at both ends. The PGR products are cloned directly, 
in sense orientation, into a vector containing the soybean 7Sa' promoter and a tml 3' 

30 termination sequence, by way of Xhol sites engineered onto the ends of the PGR primers. 
The vector is then cut with Notl and ligated into pMON41 164, a vector that contains the GP4 
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^5^>5g.neregulatedbytheFMV promoter andapeaRubiscoE9rt«^ 

Vectors containing a C pulcHerrUna KAS IV gene (SEQ ID NO: 39) related by a Bras^ca 

napin pronK»ter and a Bras^ napin 3 ' termination sequence, and a R. communis delta-9 

desaturase(F^2)gene(SEQmNO:40)regula1edbyasoybeanF^2promot^ 

; termination sequence, are cut with appropriate restriction enzy^ 

PMON41164. m resulting gene e^onconsmK:t.pMON68534. is depicted in HQ. 10 

and is used for transformation using methods as described herein. 

soybean FAD2.1 intron 1 (SEQ ID NO: 1 or 2). FADS-IA S'lTTR (SEQ ID NO: 16). 
and FATB 3'UTR (SEQ ID NO: 36) sequences aie amplified via PGR to result in PGR products 
thatincludereengineeredres.rictionsitesatbo1hends. Tl« PGR products are cloned directly. 

in sense orientation, into a vector containing fte soybean 7Sa' promoter and a ^/ 3' 
termination sequence, by way of;^Isites engineered ontothe 5' ends of the PGR primers. 
The vector is ^en cut with Notl and ligated into pMON4 1 1 64. a vector that contains the GP4 
EPSPS gene regulated by the FMV promoter and a pea Rnbisco E9 3' temunation sequence. A 
vector containing a R. con^unis delta-9 desaturase (F^2) gene (SEQ ID NO: 40) regulated 
by a soybean FAD2 promoter and a 3' termination sequence, is cut with appropriate 
restrictionen2ymes.andligatedintopMON41164. H.e resulting gene expression consttuct. 
PMON68535, is depicted in HG. 10 and is used for transformation using methods as described 
herein. 

Referringnow to HG. 11. soybeanF^2-7 3'Um (SEQ ©NO: 5). FADS-IA 3'Um 
(SEQ ID NO: 16). and FATB 3'UTR (SEQ ID NO: 36) sequences are amplified via PGR to 
xesultinPGRproductsthatinchadereengineeredrestrictionsitesatbothends. TbePCR 

products are cloned directiy. in sense orientation, into a vector containing the soybean 7Sa' 
promoter and a ml V termination sequence, by way oiXhol sites engineered onto the 5' ends 
ofthePGRprimers. TT^ vector is then cut with iN^ofl and UgatedmtopMON41 164. a vector 
that contains the CP4 EPSPS gene regulated by the FMV promoter and a pea Rubisco E9 3 ' 
termination sequence. Hie resuhing gene expression construct. pMON80605. is depicted in 
FIG 11 and is used for transfonnation using methods as described herein. 

SoybeanF^2.i 3'inR (SEQ ID NO: S^FADS-IA 3'UTR(SEQIDNO: 16). and 
FATB 3'UTR (SEQ ID NO: 36) sequences arc amplified via PGR to result in PGR products that 
indudereengineeredrestrictionsitesatbothends. Hre PGR products are cloned directiy. in 
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sense orientatioii, into a vector containing fhe soybean 7Sa' promoter and a tnil 3' termination 
sequence, by way ofXhol sites engineered onto the 5' ends of the PCR primers. The vector is 
then cut with Notl and ligated into pMON41 1 64, a vector that contains the CP4 EPSPS gene 
regulated by the FMV promoter and a pea Rubisco E9 3' termination sequence. A vector 
5 containing a C pulcherrima KAS IV gene (SEQ ID NO: 39) regulated by a Brassica napin 
promoter and a Brassica napin 3' termination sequence is cut with appropriate restriction 
enzymes, and ligated into pMON41 1 64. The resulting gene expression construct, 
pMON80606, is depicted in FIG. 1 1 and is used for transfonnaticm using methods as described 
herein. 

10 Soybean i5'^2.7 3'UTR(SEQIDNO: 5%FAD3-1A 3'UTR(SEQIDNO: 16), and 

FATB 3'UTR. (SEQ ID NO: 36) sequences are amplified via PCR to result in PCR products that 
include reengineered restriction sites at both ends. The PCR products are cloned directly, in 
sense orientation, into a vector containing the soybean 7Sa' promoter and a tml 3' termination 
sequence, by way of JOiol sites engineered onto the ends of tiie PCR primers. The vector is 
15 then cut with Notl and ligated into pMON41 164, a vector that contains the CP4 EPSPS gene 
regulated by the FMV promoter and a pea Rubisco E9 3' termination sequence. A vector 
containing a jR. comnudnis delta-9 desaturase (PAB2y gene (SEQ ID NOr 40) regulated by a 
soybean FAD2 promoter and a luur 3 * t^mination sequence is cut with appropriate restriction 
enzymes, and ligated into pMON41 164. The resulting gene expression construct, 
20 pMON80607, is depicted in FIG. 1 1 and is used for transformation using me&ods as described 
herein. 

Soybean FAD2-1 3'UTR (SEQ ID NO: 5), FAD3-1A 3'UTR (SEQ ID NO: 16), and 
FATB 3'UTR (SEQ ID NO: 36) sequences are amplified via PCR to result in PCR products that 
include reengineered restriction sites at both ends. The PCR products are cloned directly, in 
25 sense orientation, into a vector containing flie soybean 7Sa' promoter and a tml 3' termination 
sequence, by way ofXhol sites engineered onto the 5 * ends of the PCR primers. The vector is 
then cut with Notl and ligated into pMON41 164, a vector that contains the CP4 EPSPS gene 
regulated by the FMV promoter and a pea Rubisco E9 3 ' termination sequence. Vectors 
containing a C. pulcherrima KAS IV gene (SEQ ID NO: 39) regulated by a Brassica napin 
30 promoter and a Brassica napin 3' termination sequence, and a iZ. cofwnunis delta-9 desaturase 
iFAB2) gene (SEQ ID NO: 40) regulated by a soybean FAD2 promoter and znos3' 
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and B used ttamfonnrtra using meaiods B descnW te^ 

^ » no. 12. Sinn (seq id no-, sx 3-um 

5 (SEQIDNO:36),«-F..D3-M 3-UrR (SEQ ID NO: ,6)s«r»nces«.«uplifi«lvmPCR« 
^.taK3.p»ductstotM»det«ngin=e«dre,«ction=Ks3lto*en^ TtePCR 

.„ cta^ di^cUy. ta sens. oria«tf <». in.0 . -~ 

of .hePCRprin-. -'»*''''«-''>^'^-"^^°'^""-''^ 
10 fl«.c<»tostheCP4£PSPSgeoeceg«l«edW«i.FMVp«>mo«ra«d.p..R«b«oE93- 

«™.«i„se^. Tlc^«ng^ee^c«n«,uCpMON806a9,isaepic«du. 
FIO l2ai.di«usedfcrtmns&nn«i™utingn«flwdsasdesmT..dlwem. 

Soybeen^r^2.iiu«nl(SEQIDNO:l«r2)./'ADW^ir*-4(SEQa.NO:.0). 

Kin» inttou n (SEQ ID NO: 30). and FADB-U in-on 4 (SEQ ID NO: 10) se^ a-e 
15 .n»lifledvi.PCR«...sul.inlOtpco<te,sd.«mch«Jer^^ 

„ds TtePCRpr<,d«cB« cloned dimply, m sense ori»«a«<»..m».'««^ 

^5.„dsof«»PCKpnme«. -n.e veCor is *». e« wHh M«I li*-ed pMON4n64. 
. ««« cont^ns Cr4 ^r^PS gene regulated W d« FMV p^nK-er 

■ • ^ TtommWmsene egression consliuct,pMON819«2. is deittOod 
20 E9 3 * termination sequence. Tne resulting gene c^p. 

inHG 12andisusedfortransfimi.aticm«8iiign«thDdsasdesm^ 

Soybean FADl-l 5'UTR-3 'UTR (SEQ ID NOs: 6 and 5. Ug^ted together). FAD3-1 
S'lim-ymR (SEQ id NOs: n and 16, ligated together, or 27 and 26. ligated together), and 
FATB S'Um-yUTK (SEQ ID NOs: 37 and 36. Ugated togelher) sequences are amplified 
25 PCRtoresultinPCRimxiuctsihatincludereengineeredrestrictions^^ 

FAD2.1 PGR product is cloned directly, in sense orientation, into a vector containmg the 
soybean 7Sa' promoter and a ^/ 3 ' termination sequence, by way of sites engineered 
ontotheS'endsoflhePCRprime^. Similarly, the F^i-i PCR product is cloned directly, m 
sense orientation, into a vector containing ^ soybean 7Sa promoter ^ 
30 sequence.bywayof;0^Isitesengineeredontothe5>endsofthePCRprimers.m 

PGR product is cloned directly, in sense orientation, into a vector containing the arcehn 
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promoter and a tnil 3' terminatioii sequence, by way ofXhol sites engineered onto the 5* ends 
of the PGR primers. These vectors are then cut with Noil and ligated into pM0N41 1 64, a 
vector that contains the CP4 EPSPS gene regulated by the FMV promoter aad a pea Rubisco 
E9 y termination sequence. The resulting gene expression construct, Ol, is depicted in FIG. 
5 12 and is used for transformation using me&ods as described herein. 

Soybean FAD2'1 5 'UTR-S 'UTR (SEQ ID NOs: 6 and 5, ligated together), FAD3-1 
S'UTR-3 'UTR (SEQ ID NOs: 17 and 16, ligated together, or 27 and 26, ligated together), and 
FATB S'UTR-3'UTR (SEQ ID NOs: 37 and 36, ligated together) sequences are amplified via 
PGR to result in PGR products that include reengineered restriction sites at both ends. The 

10 FAD2-1 PGR product is cloned directiy, in sense orientation, into a vector containing the 
soybean 7Sa' promoter and a ttnl 3 ' termination sequence, by way of Xhol sites engineered 
" onto tiie 5' ends of the PGR primers. Similarly, the FAD3-1 PGR product is cloned directly, in 
sense orientation, into a vector containing the soybean 7Sa promoter and a /m/ 3' termination 
sequence, by way of Xhol sites engineered onto the S ' ends of the PGR primers. The FATB 

15 PGR product is cloned directly, in sense orientation, into a vector containing the arcelin 

promoter and a tml 3' termination sequence, by way of Xhol sites engineered onto the 5' ends | 
of the PGR primers. These vectors are then cut with Natl and ligated into pM0N41 164, a 
vector that contahis the GP4 EPSPS gene regulated by the FMV promoter and a pea Rubisco 
E9 3' termination sequence. A vector containing a C pulcherrima KAS IV gene (SEQ ID NO: 

20 39) regulated by a Brassica napin promoter and a Brassica napin 3 ' termination sequence is cut 
with appropriate restriction enaymes, and ligated into pMON41 164. The resulting gene 
expression construct, 02, is depicted in FIG. 12 and is used for transformation using metiiods 
as described herein. 

Referring now to FIG. 13, soybean FAD2-1 5'UTR.3'UTR (SEQ ID NOs: 6 and 5, 
25 ligated togetiier), FATB 5'UTR-3'UTR (SEQ ID NOs: 37 and 36, ligated together), FAD3-1A 
3'UTR (SEQ ID NO: 16), and FADS-IB 5'UTR-3'UTR (SEQ ID NOs: 27 and 26, ligated 
together) sequences are amplified via PGR to result in PGR products that include reengineered 
restriction sites at both ends. The PGR products are cloned directiy, in sense orientation, into a 
vector containing the soybean 7Sa' promoter and a tml y termination sequence, by way of 
30 Xhol sites engineered onto the 5' ends of the PGR primers. The vectors are then cut with Notl 
and ligated into pMON41 164, a vector tiiat contains the GP4 EPSPS gene regulated by the 
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. ^.neaRubiscoE9 3' tennination sequence. A vector containing a C 
FMV promoter and a pea KUDisco c:^ :> 

S.^ i'^.-i in«« USEQ m no: , or 2) is vi. PC^ U, result « PO. 

V f«ld»teseno«et«loaU.tto5'«»JsofthePCRprunBS. 

10 Soyb«.i'.™5-um-3-m..(SEQmNOs=37.«d36.«».«-«S*-).^^^"^'^ 
S^^Na.«.a.a.^.-.i.5-Um.3.UTR(SBQn>NOs:Z7«.26.U..^»S.^ 

^.,e.R.«scoB93-«r.-i».se,a««.. A co«.inU« a C p^c*e™<. KAS IV 
^cCSBQ^NO: 39)««ul«edby.in»<a.-«pinpn»«r™i.i.r»-<ca,«,,n3 

IlLlse^iscu.^.^.pp.o,-^^------'^^^ 

• ^«««*„ct09 is depicted in HG. 13 andisusedfijr 
The resulting gene expression construct. 09, is aepicico 

transformation using methods as described herein. 

2C. Antisense Constructs 

, i^««.Wesofthe present mvenlion in which the first sets 
FIG 14 depicts nucleic acid molecules oiine press- 

«>«M« of exmessing antisense constructs, and FIG. 15 depicts nucleic 
of DNA sequences are capable of expressmg anus 

^ ^ ^ Of ^ ^ a DNA se,u»« e»oa« a 

,Zp«s»a..apa...<.in=«.^-<.*oa.<.«.P««e.ana»«^^ 

30 Eac.oodi„gs«;u=^Ua.soci.«*-.apronK,».^is.^.»-«" 
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plant, or any plant promoter, and may be an FMV promoter, a napin promoter, a 7S (either 7Sa 
or 7Sa') promoter, an arcelin promoter, a delta-9 desaturase promoter, or a FADI^IA promoter. 

Referring now to HG. 14, soybean FAD2-1 3'UTR (SEQ ID NO: 5), FATB 3'UTR 
(SEQ ID NO: 36), and FAD3-1A 3'UTR (SEQ ID NO: 16) sequences are amplified via PGR to 
5 result in PGR products that include reengineered restriction sites at both ends. The PGR 

products are cloned directly, in antisense orientation, into a vector containing the soybean 7Sa' 
promoter and a tffti 3' termination sequence, by way oSXItol sites engineered onto the S' ends 
of the PGR primers. The vector is then cut with Notl and ligated into pMON41 164, a vector 
that contains the GP4 EPSPS gene regulated by the FMV promoter and a pea Rubisco E9 3 ' 

10 termination sequence. The resulting gene expression construct, pMON8061S, is depicted in 
FIG. 14 and is used for transformation using methods as described herein. 

Soybean FAD2-1 3'UTR (SEQ ID NO: 5), FATB 3*UTR (SEQ ID NQ: 36), and 
FAD3-1A 3'Uni (SEQ ID NO: 16) sequences are amplified via PGR to result in PGR products 
that include reengineered restriction sites at both ends. The PGR products are cloned directly, 

IS in antisense orientation, into a vectcn: containing tiie soybean 7Sa* promoter and a tml 3' 

termination sequence, by way ofXhol sites engineered onto the 5* ends of the PGR primers. 
The vector is then cut with Notl and ligated into pMON41 164, a vector that contains the CP4 
EPSPS gene regulated by the FMV promoter and a pea Rubisco E9 3' termination sequence. A 
vector containing a C pulcherrinia KAS IV gene (SEQ ID NO: 39) regulated by a Brassica 

20 napin promoter and a Brassica napin 3* temiination sequence is cut with appropriate restriction 
enqrmes, and ligated into pMON41 1 64. The resulting gene expression constnict, 
pMON80616, is depicted in HG. 14 and is used for transformation using methods as described 



herein. 



Soybean F-4i)2./ 3'UTR(SEQ ID NO: 5),F^7B3'UTR (SEQIDNO: 36), and 



25 FAD3-1A 3'UTR (SEQ ID NO: 16) sequmces are amplified via PGR to result in PGR inx>ducts 
that include reengineered restriction sites at both ends. The PGR products are cloned directly, 
in antisense orientation, into a vector containing the soybean 7Sa* promoter and a tml 3' 
termination sequence, by way ofXhol sites engineered onto flie S' ends of the PGR primers. 
The vector is then cut with Notl and ligated into pMON41 164, a vector that contains the GP4 

30 EPSPS gene regulated by die FMV promoter and a pea Rubisco E9 3' termination sequence. A 
vector containing a communis delta-9 desaturase (FAB2) gene (SEQ ID NO: 40) regulated 
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y^y a soybean FAD2 promoter and a «o. 3 ' termination sequence, is cut with appropriate 

^ctionenzymes.andlisatedintopMON41l64. The resulting gene expression construct. 

• . - mr 1 A and is used for transformation using methods as described 

pMON80617, is depicted m FIG. 14 and is usea mi u-u» 

herein. 

soybean 3-OTR (SEQ ID NO. 5), /-^ra 3-UTR (SEQ ID NO: 36). «Ki 

3-Um (SEQ ID Na. 16) s«,u«K«. a» m^i^ vi. PGR B. »s»K In PCR p™iu<« 
«i^„a.r.««in««lte»icto.si»s«b<*»d^ PCR p»*.cU cloned air^y. 
to .«U«ns. <»icottti<m. into . vccBr c<««ining to 

..nntaa^on se,u»ce. by way of ^' °' ^ ■■'^^ 
a Tbevcc«totonc«.»ifl.^M-dli,..edn«>pMON4n64,.«c«».totoon«ta*cCP4 

^SPS gen. r«ul«.d by to FMV and a pea Rubisco E9 3- »nmn«ion «<,»enc.. 

Tl,e«a»Itinggenc.«;««l«con*nc,pMON80630.isaepic.edinFIG. M -.1 ia naed for 

tiansfomiation using metliods as described herein. 

SoybeanKlPW 5'Um-3-Om(SEQlDNOs: 6and5, Hgattd tog«herX J'^ra 

15 5-um-3-UTR (SEQ ID NOs: 37 «.d 36. Iiga»<> F^^'^ ■°*'°= 

IS) and F^Wfi 5-mil-3'Um (SEQ ID NOs: 27 a,«l 26, Ugat«l »»«her) se<,u«»es are 
^Bfled via K» » result in PCR produoB to. inelode re^^ineered restricaon siKs a^ 

ena. TlePCRprod»*arecloneddirecfly.inan«.ena.orien«i<».in».v««orc^ 
tt„ soybc«. TSa- pronK^r and . 3- «rnun«ion se-pence. by «ay of A»oI si^ 
20 o«oto5-endsoftoPCRprim.r.ll-ve<*>riatoncu.»id>/.<«Ia»JUga«din» 

pMOW1164.avec»rtoteonBinstoCF4£Pa'Sgeneregula«dbytoFMVp«»K«era.d 

a pe.RnMseoE9 3- «minata. sequence. A v«*» confining a C p«lcW»a KAS IV gene 
(SEQ ID NO: 39) ..guIaW by • Brassic napin p«.mo«r and a Bra^ napin 3' «nnnano. 
,.«„«^iscu.wi*appropri«.re<«iettonen^andliga«din»p^^^^^ The 

^ * {eHmictedinnG 14 and is used for transfonnation 
25 resulting gene expression construct, 08, is depicted m no. in an 

using methods as described herein. 

R.ferringnowtonG.15.soybeani^^2-i5'Um-3'Um(SEQIDNOs:6and5. 

ligated together). 5'Um-3'IJm (SEQ m NOs: 17 and 16. Hgate^ 

FATB 5'irm-3'Um (SEQ id NOs: 37 and 36. ligated together) sequences are amphfied via 
30 PGR to result in PGR prxKiuctsduit include reengmeeredrestri^ 

PGR products are cloned direcfly in sense and antisense orientation into a vector contammg the 
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soybean 7Sa' promote and a tml 3' termination sequence, with an additional soybean 7Sa 
promoter located between flie sense and antisense sequences, by way ofJOiol sites engineered 
onto the S' ends of the PGR primers. The vector is then cut with Notl and Ugated into 
pMON41 164, a vector that contains the CPA EPSPS gene regulated by the FMV promote and 
5 a pea Rubisco E9 3' tennination sequence. The resulting gene expression construct, OS, is 
depicted in HG. 15 and is used for transformation using methods as described herein. 

Soybean FAD2'J 5'UTR-3'UTR (SEQ ID NOs: 6 and 5, ligated together), FADS-IA 
5'UTR-3*UTR (SEQ ID NOs: 27 and 26, ligated together), and FATB S'UTR-S'UTR (SEQ ID 
NOs: 37 and 36, ligated together) sequences are amplified via PGR to result in PGR products 
1 0 that include reengineered restriction sites at both ends. The PGR products are cloned directly in 
sense and antisense orientation into a vector containing the soybean 7Sa' promoter and a tml 3' 
termination sequence, with an additional soybean 7Sa promoter located between the sense and 
antisense sequences, by way ofXhol sites engineered onto the 5' ends of the PGR primers. The 
vector is then cut with Notl and ligated into pMON41 1 64, a vector that contains the GP4 
1 5 EPSPS gene regulated by the FMV promoter and a pea Rubisco E9 3 ' t^mination sequence. A 
vector containing a C pulcherrima KAS IV gene (SEQ ID NO: 39) regulated by a Brassica 
napin promoter and a Brassica napin 3' termination sequence is cut with appropriate restriction*' 
enzymes, and ligated into pMON41 1 64. The resulting gene e^qxression construct, 04, is 
depicted in FIG. IS and is used for transformation using methods as described herein. 
20 The above-described nucleic acid molecules are preferred embodiments which achieve 

the objects, features and advantages of the present invention. It is not intended that the present 
invention be limited to the illustrated embodiments. The arrangement of the sequences in the 
first and second sets of DNA sequences within the nucleic acid molecule is not linuted to the 
illustrated and described arrangements, and may be altered in any manner suitable for achieving 
25 the objects, features and advantages of the present invention as described herein, illustrated in 
the accompanying drawings, and encompassed within the claims. 

Example 3 Plant Transformation and Analysis 

The constructs of Exan:q>les 1 and 2 are stably introduced into soybean (for example, 
Asgrow variety A4922 or Asgrow variety A3244 or Asgrow variety A3525) by the mediods 
30 described earlia:, including the methods of McCabe et al.^ Bio/Technology, d:923-926 (1988), 
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^ «i with the constructs using gas chromatography. In addition, any of 
soybean hnes transformed with the constructs ub ^. ^ 

*»• »i,<irce«u«icesofinterest, as well as different combinations of 
the constructs may contam other sequences oi rnx^^ 

"^Tor «^ ^ "^"^ a^eced in devdoping 

TOxJifloatioiisoccuiimg later m the FAS l>alliw»y.««» 

of OU ft"y of tadiviau- see-, <^«- 

^„tad«ec.io.ofoa™diflca.ioninthescg«g«ingRI«=dpoH»«-- As-^ 

^ROindica.es^^p,^*---'-'^'^'--*"™^"""'"'^.^^^ 

,e»n-bcdh«*andRl ideates pl»* »d «d« »~ 

F.«y acid co^positic™ are aetern^ed .te «cd of ^ ,«rfon«d 

conducts of S^pleX One».e»s.ed.o,eachof,h..«m8»c»a«>»^«^ 
««3.re>roundi«divid^nyu^a«saueho»,geni.er(P»Scic.«^^^ <« 
^ soyt^an «ed . e^c^ctod o^,^ 1 ^ nd .ep^ne co^^ 

(0.50n^. AU^of200M.oft.e«..a««a.a».d=ivaaz«..on«d.-l«.crs»*,he 

,„M™mMesrt50'C. ll«reactioni»sloppedby««si>™l'»«°°» 
dlowedtoprogressforMininiKesatJuv,. » 

.^.f500pl.O%(«/v)soaiun,cHorid.-^400^hep.-«. r.^««g 

eaters ««.c.ed in he^n. are r^olved b, gas ch^nato^ 
P^„^,6«0GC(P-oAl».CA, TheGCwaafi«d,iaiaSupe.e«w.x250coiu.» 

,30 m. 0^ -nm id. 0.25 nicroo Sim tUda^a) (Supclco. BeUefoote. PA). Colonm 
25 «„^«n.i.l75-Ca.inj«*on».d.he.e«p.r«»r.progn«nn»dfh»l^^ 

lX.40-C«n.*^.c«».ndd«ect<..en.p«a«-.«^-C»-"0.C....p^^^ 
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A synthesized fuel oil fatty acid con^sition is prepared having tiie foUo^^ 
of fatty acidmethylesters:733-/o oleic add.21.4o/olinoleicadd,2^-/o^^^ 
li^olenicacidandLCmste^cacidCaUbyweight). Purified f^tty acid methyl esters are 
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obtained firom Nu-Chek Prep, Idc, Elysian, MN, USA. The cetane number and ignition delay 
of this composition is determined by the Southwest Research Institute using an Ignition Quality 
Tester ("IQT^) 613 (Southwest Research Institute, San Antonio, Texas, USA). 

An IQT consists of a constant volume combustion chamb^ that is electrically heated» a 
5 fuel injection system, and a computer that is used to control the experiment, record the data and 
provide interpretation of the data. The fuel injection system includes a fuel injector nozzle that 
forms an entrance to the combustion chamber. A needle lift sensor in the fuel injector nozzle 
detects fuel flow into the combustion chamber. A pressure transducer attached to the 
combustion chamber measures cylinder pressure, the pressure within the combustion chamber. 
10 The basic concept of an IQT is measurement of the time from the start of fuel injection into the 
combustion chamber to tiie start of combustion. The thermodynamic conditions in the 
combustion chamber are precisely controlled to provide consistent measurement of the ignition 
delay time. 

For a cetane number and ignition delay test, the test fuel is filtered using a S-micron 

1 S filter. The fiiel reservoir, injection line, and nozzle are purged with pressurized nitrogen. The 
fuel reservoir is then cleaned witii a lint free cloth. A portion of the test fuel is used to flush the^ 
fiiel reservoir, injection line, and nozzle. The reservoir is filled with the test fuel and all air is 
bled from the system. The reservoir is pressurized to SO psig. The method basically consists of 
injecting at high pressure a precisely metered quantity of the test fuel into the combustion 

20 chamber that is charged with air to the desired pressure and ten:q)erature. The measurement 
consists of determining the time from the start of injection to the onset of combustion, often 
referred to as the ignition delay time. This determination is based on the measured needle lift 
and combustion chamber pressures. The normal cetane rating procedure calls for setting the 
skin temperature at SSl.S'^C. and the air pressure at 2. 1 MPa. 

25 A fuel with a known injection delay is run in the IQT combustion bomb at the 

beginning of the day to make sure the unit is operating within normal parameters. The test 
synthetic is then run. The known fuel is run again to verify that the system has not changed. 
Once the fiiel reservoir is reconnected to the fuel injection pun^, the test procedure is initiated 
on the PC controller. The computer controls all the procedure, including the air charging, fuel 

30 injection, and exhaust events. 32 repeat combustion events are undertaken. 



55 



BNSOCX^ID: <WO 



.03080802A2J_> 



10 



15 



V. ^-^ PCTAJS03/08610 

WO 03/080802 

^ ♦«A»messure it was just prior to fuel injection, 
nressure-increasesduetocombustiontolhepressureitwasj p ^ , . 

■«in. of «t«« »»n4« «. taction of ignition dday 

^«„^of*«^«^-c.«^"-^'^«"'^ T.;::^.^ 

^...Co„s^Vo.^Co..«tio.Bo.*^SABP.p-S,05,.a.^^^^^ 
^,op.«* or . Po«... F.e> QoaU-y Moni«»-. BCvo. FueU J^*-^ 

L.ofPi«..:sni.o«^Con*^^-'---<-^-^^^^ 

p«, Ignition <*-y as D..^™.- in Ignition Q»-i.y T«»r ( .QP ) SAB 

. K -.TAteStosyntiKsiiedoilconipoatioDaUbBscetane 
Paper 961182 (1996)). As shown in Tsblc 3, ftesynmraizca 

n»*«s snd igniti^ d*^ " sni.*.. us. ft. e^i.. - ' 
biodiesel oil. 
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TABLE3 



Fuel 
Name 

Check-High^ 
fl^ck-High 



Test 
Nutpber 

1777 
1778 



Cetane 
Nuipber 



Synthesized Oil 
Synthesized Oil 
g ynthesized Oil 

Check-High 



Average 

1779 
1780 
1781 
Average 

1786 



StdJ^ev. 
Cetane No. 

0.534 
0.611 

1.897 
1.807 
1.649 

0.727 



1 Ignition 
1 Delay (ms) 


StdJ>ev. 
Tj»n. Delav 1 


4.009 
4.028 

4.02 


0.044 

1 0.051 J 


3.622 


0.116 


3.583 


0.109 


3.583 


0.098 1 


3.60 




1 4.04 


' 0.061 1 



testfiiel. 
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The density (ASTM D-4052) cloud point (ASTM D-2500), pour point (ASTM D-97), 

and cold filter plugging point (IP 309/ASTM D-637 1) are determined for the synthesized oil 

using ASTM D protocols. ASTM D protocols are obtained from ASTM, 100 Barr Harbor 

Drive, West Conshohocken, PA, USA. The results of these tests are set forth in Table 4. As 

5 shown in Table 4, the synthesized oil composition exhibits numbers that are suitable for use as, 

for example without limitation, as a biodiesel oil. 

TABLE 4 



TEST 


METHOD 


RESULTS 


Density 


ASTM D-4052 


0.8791 g/noL 


Cloud Point 


ASTM D-2500 


-18 deg. C 


Pour Point 


ASTM D-97 


-21 deg. C 


Cold Filter Plugginf Point 


IP 309 (same as ASTM D-6371) 


-21 deg. C 



Levels of nitric oxide emissions are estimated by evaluating the imsaturation levels of 
biologically-based fiiel, by noeasuring the fuel density and indirectly calculating the estimated 

10 emissions levels, or by directly measuring . There are also standard protocols available for 
directly measuring levels of nitric oxide emissions. The synthesized oil is estimated to have 
lower nitric oxide emissions levels tban methyl esters of &tty acids made from conventional 
soybean oil based on an evaluation of the overall level of imsaturation in the synthesized oil. 
Oils containing larger numbers of double bonds, i.e., having a higher degree of imsaturation, 

IS tend to produce higher nitric oxide emissions. The oil has a total of 123 double bonds, as 
compared to conventional soybean oil's total of 153 double bonds, as shown in Table 5. 

TABLES 



SYNTHETIC OIL 

73 % oleic acid (18:1) x 1 double bond = 73 
22 % linoleic acid (1 8:2) x 2 double bonds = 44 

2 % linolenic acid (18:3) x 3 double bonds = ; 6 

TOTAL double bonds 123 



CONVENTIONAL SOYBEAN OIL 

23 % oleic acid (18:1) x 1 double bond = 23 

53 % linoleic acid (18:2) x 2 double bonds = 106 

8 % linolenic acid (1 8:3) x 3 double bonds = 24 

TOTAL double bonds 153 



As reported by the National Renewable Energy Laboratory, Contract No. ACG-8- 
20 171 06-02 Final Report, The Effect Of Biodiesel Composition On Engine Emissions From A 
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... • a,«,e 21100^ lutric acid emissions ofbiodiesel compositions are 
i>DCSerics(JODieseiS»gine.(Iune2000).Bitncac ^^.A^ake 

.^n^ft- »#;^RR where vis the oxide emissions mgramsrtwalcB 
wedicted by the formula y = 46.959x - 36388 where y is m 

I^sepowerhours^andxisthedeosityomodiesel. ^ ihrmula is based on a regres^on 
ryslf.-cacidemissionda.inatestinvoivin.l6biodi^ ^^malcesuse 
ofal991caUbration.prod«ctionseries60modelDetroitDieselCorporation»^^ 

V • ^^iii^determmedbySouthwestResearchlnstituteusmg 
The density of the synthesized oil is detenmnea oy 

, , • -r-w* A i« used in tije above equation to predict 
to m=tt»dASIMD4052.n« result shown BTdae 4 K used mttte 

■ ™l.,.of4 89ltfbto-l.. This result is eompared to. e<»».l»oybea. 
anitrio oxide emission value of 4.89 giow-n- 

V, laboratory traort gives Bb density and nitnoomde 

^TheNaaonalR«i««bleEoergyI.boraU,,y.»P ^ offlie control 

^^..f.contn.soybasedbiodieseUn^.Msoy.^^IOI)'"-^^ 
bioaieselis..SS,7^.ivi..«oalcula.ed.itHoo,id.on.iss.onor5^«^^ 

^^en,issionv-.eissin.il.rtotbeeitp.rin«ntslvaluef<.^ 

. -.i ...irfKlisiimiroved numbers oompaioil to «» control 

jftjipji. Tliesynthesi»doilcompo8ibonertnbitsn.«itovean 

and is suitrt.le fcr use. example without limit^ioo. » • Wodiesd oO. 

Tie cholesterol lowering properte. of v.*«aMe compositions are det^tnit^ 

^^.y.cidcompositic^a.tba.e.nK^.^e.^-^^-'^^'^^ 
^!:.o,h..noa...lowerU>^holcsterol.ndhi.herBPl^^ 

^.onsbasedona,clinic.l..i-s(Mensinlt.K..sndK«an.M3.^W^^ 

ro^..2:9.1-9,9a992))-e-.«.comp.«'^'««*-^-^'^"' 

•1 ,.««mn<!itions with that of normal soybean oil. 
humans of new oilseed compositions w«a uta* 

a^ has iavo.-.le effects on sennn bpids when it rephces c-bohydrates m the a«t 
^vementson^scon^onareposst^lcbyloweriogs-ur-ed^le^^^^^ 

!Lng n li«,.eio .cidle^lbetwe^i 10-30% of the total «y P-e-^^ ^ 
obtainmg a 1111 „ ;« less than 10% of Ihe total fetty 

• J xxTu^ mtwMirtion of hnoleic acio is less uaa i « /"» 
ofthe total fetty acids. When the proporaanui _ 

« LDIxjholesterol compared to control soybean oU, even 
acids, the new composition raises LUi-cnoicsi«« y 

, J* o/ «f Aft total fiittv acids. When the proportion 
though ihe saturated fet content is lowered to 5% of the total fettyac 
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reduced. Therefore, the preferred linoleic acid coiqposition is determined to be about 15-25% 
of the total fatty acids. 



Table 6 





Fatty acids 


Serum 
Lipids 




CI 6:0 


C18:0 


C18:1 


CI 8:2 


CI 8:3 


Other 
(C20:1) 


Soy control (%) 

Proportion of 30% fat E (%) 
LDL Calculation (mg/di) 
HDL Calc (mg/dl) 


11.000 
3.300 
4.224 
1.551 


4.000 
1.200 
1.536 
0.564 


23.400 
7.020 
1.685 
2.387 


53.200 
15.960 
8.778 
4.469 


7.800 
2.340 
1.287 
0.655 


0.600 
0.180 
0.043 
0.061 


-6.033 
9.687 


3% 18:2, <6% sat (%) 
Proportion of 30% fat E (%) 
LDL Calculation (mg/di) 
vs. control (mg/di) 
HDL calculation (mg/di) 
vs. control (mg/di) 


3.000 1 

0.900 

1.152 

0.423 


2.000 
0.600 
0.768 

0.282 


85.000 
25.500 
6.120 

8.670 


3.000 
0.900 
0.495 

0.252 


3.000 
0.900 
0.495 

0.252 


4.000 
1.200 
0.288 

0.408 


-5.478 
0.555 
10.287 
0.600 


10% 18:2, <6% sat (%) 
Proportion of 30% fat E (%) 
LDL Calculation (mg/di) 
vs. control (mg/dl) 
HDL calculation (mg/di) 
vs. control (mg/di) 


3.000 
0.900 
1.152 

0.423 


2.000 
0.600 
0.768 

0.282 


72.000 
21.600 
5.184 

7.344 


1 0.000 

3.000 

1.650 

0.840 


3.000 
0.900 
0.495 

0.252 


10.000 

3.000 

0.720 

1.020 


-6.129 
-0.096 
10.161 
0.474 


20% 18:2, <6% sat (%) 

Proportion of 30% fat E (%) 
LDL Calculation (mg/di) 
vs. control (mg/dl) 
HDL calculation (mg/di) 
vs. control (mg/dl) 


3.000 
0.900 
1.152 

0.423 


1 2.000 
0.600 
0.768 

0.282 


65.000 
19.500 
4.680 

6.630 


20.000 
6.000 
3.300 

1.680 


3.000 
0.900 
0.495 

0.252 


7.000 
2.100 
0.504 

0.714 


-7.059 
-1.026 
9.981 


21% 18:2, <3.2% sat (%) 
Proportion of 30% fat E (%) 
LDL Calculation (mg/di) 
vs. control (mg/dl) 
HDL calculation (mg/dl) 
vs. control (mg/dl) 


2.000 
0.600 
0.768 

0.282 


1.000 
0.300 
0.384 

0.141 


72.000 
21 .600 
5.184 

7.344 


21.000 
6.300 
3.465 

1.764 


1.000 
0.300 
0.165 

0.084 


3.000 
0.900 
0.216 

0.306 


-7.878 
-1.845 
9.921 
0.234 


30% 18:2, <6% sat (%) 
Proportion of 30% fat E (%) 
LDL Calculation (mg/dl) 
vs. control (mg/di) 
HDL calculation (mg/di) 
vs. control (mg/di) 


3.000 
0.900 
1.152 

0.423 


2.000 
0.600 
0.768 

0.282 


57.000 
17.100 
4.104 

5.814 


30.000 
9.000 
4.950 

2.520 


3.000 
0.900 
0.495 

0.252 


5.000 
1.500 
0.360 

0.510 


-7.989 
-1.956 
9.801 
0.114 
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What is claimed is: 

, Asoyb««.dexhibMng«.oil«»npositic«co,«prismg55» 
oldc acid. 10 «. 40% by wd*l Unoteic add. 6% or less by wdgW Unolenic «=id. and 2 «. 8% 

by weight saturated fetty acids. 

2. Thesoybeanseedofclaiml,wheremsaidseedc<«nprisesaie^^ 

nucleic acid molecule, said molecule comprising 

a first set ofDNA sequences that is capable, when expressed in a host cell, of 

of at least two eenes selected fifom the group consisting 
suppressing liie endogenous expression of at least two genes 

of FAD2. FADS, and FATB gpnes, and 

a second set of DNA sequences that is capable, when expressed in a host cell, of 
increasing die endogenous expression of at least one gene selected from the group consisting of 
a beta-ketoacyl-ACP synthase I gene, a beta-ketoacyl-ACP synthase IV gene, and a delta-9 
desaturase gene. 

3 Thesoyb«ms«dofcl.im2,whetetosaidseed«M^it!anmcreasedold^ 

con««.aredu«dsa.^fi«.»-id<=oo<-..-^''^'"'^^ 

to serf »^ 

nucleic acid molecule. 

4 Tte5,,jteans.edofcIata2.»he.*i«be<>Uc<».?««ito 

«, 39% by weigh. Bnoldc «id. 4.5% « less by w«^« linolouo ^^^«> 6% "V 

saturated fatty acids. 

5 Tl«s<.ybea.seedofolaim2.whereintooilc«=p<«ti«fcr<herc«^ 
39% by weigh. B^leic add, 3.0% or 1«« by wei^ linol«uc .dd. and 2 » 3.6% by wdgh. 

saturated fatty acids. 

6. Ibe soybean seed of claim2, wherein the oil composition further con^ U 
to 300/O by wei^ linoleic acid, 4.5% or less by weight Unolenic acid, and less d^ 6% by 
weight saturated &tty acids. 
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7. 




increased oleic acid content, a reduced saturated fatty acid content, and a reduced 
polyunsaturated fetty acid content relative to oil derived from seed of a plant with a similar 
genetic background but lacking the recombinant nucleic acid molecule. 



9. A container of soybean seeds, wherein at least 25% of the seeds exhibit an oil 
composition comprising 55 to 80% by weight oleic acid, 10 to 40% by weight linoleic acid, 6»/ 
or less by weight linolenic acid, and 2 to 8% by weight saturated fetty acids. 



oleic acid, 10 to 30% by weight linoleic acid, 6% or less by weight linolenic acid, and 2 
by weight saturated fetty acids. 



10 to 29% by weight linoleic acid, 4.5% or less by weight linolenic acid, and 3 to 6% by weigiht 
saturated fatty acids. 

12. The soybean seed of claim 10, wherein the oil con5)osition further comprises 
10 to 29% by weight linoleic acid, 3.0% or less by weight linolenic acid, and 2 to 3.6% by 
weight saturated fatty acids. 

13. A crude soybean oil exhibiting an oil composition comprising 55 to 80% by 
weight oleic acid, 10 to 40% by weight linoleic acid, 6% or less by weight linolenic acid, and 2 
to 8% by weight saturated fetty acids. 

14. The crude soybean oil of claim 13, wherein said oil is selected from the group 
consisting of a cooking oil, a salad oil, and a frying oil. 



8. 



Meal derived from the soybean seed of claim 2. 
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15. Hie crude soybean oil of claim 13, wherein said oil is araw material for 
asubstanceselectedftom the groupconsisting of shortening, margarine, lu^^ 

biodiesel. heating oil. and diesd additive. 

1 6. The crude soybean oil of claim 1 3. wherein said oU is produced in a volume 
greater than one liter. 

17. The crude soybean oil of claim 16. wherein said oU is produced in a volume 
greater than ten liters. 

18 A crude soybean oil exhibiting an ofl composition comprising 65 to 80% by 
wei^t oleic acid. 10 to A0% by weight linoleic acid. 6% or less by weight linolenic acid, and 2 
to 8% by weight saturated fetty acids. 

19 A crude soybean oil exhibiting an oil con^osition which comprises 69 to 73% 
by weight oleic acid.211»24%byweightlinoleic acid. 0.5 to 3%byweight linolenic 

2-3% by weight of saturated fatty acids. 

20. The crude soybean oil of claim 19. wherein said oil is selected from the gro^ 
consisting of a cooking oil. a salad oil, and a frying oil. 

21. The crude soybean oil of claim 1 9. wherein said ofl is a raw material for 
making a soyfood. 

22. A transformed soybean plant bearing seed, wherein said seed exhibits an ofl 
composition which comprises 55 to 80% by weight oleic acid. 10 to 40% by weight linoleic 
acid. 6% or less by wei^t linolenic acid, and 2 to 8% by weig^it saturated fitty acids. 



23. The transformed soybean plant of claim 22. wherein said transformed soybean 
plant con^rises a recombinant nucleic acid molecule which comprises 

a first set of DN A sequences that is capable, when expressed in a host cell, of 
suppressing &e endogenous expression of a FAD2 gene and a FAD3 gene, and 
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a second set of DNA sequences that is capable, when expressed in a host cell, of 
increasing the endogenous expression of at least one gene selected from the group consisting of 
a beta-ketoacyl-*ACP synthase I gene, a beta-ketoacyl-ACP synthase IV gene, and a delta-9 
desaturase gene. 

24. Feedstock derived from Ihe transformed plant of claim 23 . 

25. A plant part derived from the transformed plant of claim 23. 

26. Seed derived from the transformed plant of claim 23. 

27. A transformed plant con^rising a recombinant nucleic acid molecule which 
conqnises 

a first set of DNA sequences that is capable, when expressed in a host cell, of 
suppressing the endogenous expression of at least two genes selected from the group consisting 
of FAD2, FAD3, and FATB genes, and 

a second set of DNA sequences that is capable, when expressed in a host cell, of - 
increasing the endogenous expression of at least one gene selected from the group consisting of 
a beta*-ketoacyl-ACP synthase I gene, a beta-ketoacyl-ACP synthase IV gene, and a delta-9 
desaturase gene. 

28. The transformed plant of claim 27, wherein said transformed plant is a 
temperate oilseed plant. 

29. The transformed plant of claim 27, wherein said transformed plant is a soybean 

plant. 

30. The transformed plant of claim 27, wherein said transformed plant produces a 
seed with an increased oleic acid content, a reduced saturated fatty acid content, and a reduced 
polyunsaturated fatty acid content, relative to a plant with a similar genetic background but 
lacking the recombinant nucleic acid molecule. 
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31 . A method of altering the oU conipositioa of a plant cell coniprising: 
(A) transforming a plant cell with a recombinant nucleic acid molecule which 
eo„q^ a first set of DN A sequences that is capable, when expressed in a host cell, of 
...pp^g the endogenous expression of at least two genes ^^^^ 
of FAD2. FADS, and FATB genes, and a second set of DNA sequences that is capable, when 
expressed in a host cell, of iru^reasing the endogenous expression of at least one gene selected 
from the groupconsistingofabeta-ketoacyl-ACP synthase I gene, a beta-ketoacyl-ACP 

synthase IV gene, and a delta-9 desaturase gene; and 

(B) growing said plant ceU under conditions wherein transcription of said first set of 
DNA sequences and said second set of DNA sequences is initiated, whereby said oil 
composition is altered relative to a plant cell wiA a similar genetic background but lacking the 
recombinant nucleic acid molecule. 

32 The method of claim 31. wherein said growing step produces a plant cell with 
at least partially reducedlevelsofaFADl enzyme andaFADS enzyme, and at leastp^^^^ 

enhanced levels of said at least one gene selected fi:om the group consisting of a beta-ketoacyl- 
ACP synthase I gene, a beta-ketoacyl-ACP synthase IV gene, and a delta-9 desaturase gene. 



33. The 
environmeiit. 



method of claim 31. wherein said cell is present in a multicellular 



34. 



Tbc method of claim 33, wherem said ceU is present in a transformed plant. 



35. Tbc method of claim 31, wherein said alteration comprises an increased oleic 
acid content, a reduced saturated fatty acid content, and a reduced polyunsaturated fetty acid 
content, relative toaplantceUwithasimilar genetic backgroundbutUcking^era^ 



nucleic acid molecule. 



36. 



A method of producing a transformed plant having seed with a reduced 

saturated fatty acid content con^rising: 

(A) transfommg a plant cell with a recombinant nucleic acid molecule which 
comprises a first set of DNA sequences that is capable, when expressed in a host cell, of 
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siq>press]ng the endogenous expression of at least two genes selected finom the group consisting 
of FAD2, FADS, and FATB genes, and a second set of DNA sequences that is capable, when 
expressed in a host cell, of increasing the endogenous expression of at least one gene selected 
from the group consisting of a beta-ketoacyl-ACP synthase I gene, a beta-ketoacyl-ACP 
synthase IV gene, and a delta-9 desaturase gene; and 

(B) growing the transformed plant, wherein the transformed plant produces seed wi& a 
reduced saturated fatty acid content relative to seed from a plant having a sinodlar genetic 
background but lacking the recombinant nucleic acid molecule. 

37. The method of claim 36, wherein said growing step further comprises 
expressing the first set of DNA sequences and said second set of DNA sequences in a tissue or 
organ of a plant, wherein said tissue or organ is selected from the group consisting of roots, 
tubers, stems, leaves, stalks, fruit, berries, nuts, bark, pods, seeds and flowers. 

38. The method of claim 36, wherein said growing step furtber conqprises 
expressing the first set of DNA sequences and said second set of DNA sequences in a seed. 



39. A recombinant nucleic acid molecule comprising: 

a first set of DNA sequences that is capable, when e^qpressed in a host cell, of 
suppressing the endogenous expression of at least two genes selected from the group consisting 
of FAD2, FAD3, and FATB genes; and 

a second set of DNA sequences that is capable, when expressed in a host cell, of 
increasing the endogenous eiqnression of at least one gene selected fix>m the group consisting of 
a beta-ketoacyl-ACP synthase I gene, a beta-ketoacyl-ACP synthase IV gene, and a delta-9 
desaturase gene. 

40. The recombinant nucleic acid molecule of claim 39, wherein said first set of 
DNA sequences comprises a first non-coding sequence that is capable, when expressed in a 
host cell, of suppressing the endogenous expression of a FAD2 gene; and a second non-coding 
sequence that is capable, when expressed in a host cell, of suppressing the endogenous 
expression of a FAD3-1A gene. 
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41. n« recombinant nucleic acid molecule of claim40. wherein the first set of 
DNA sequences is expressed as a sense cosuppression RNA transcript 

42 The recombinant nucleic acid molecule of claim 40. wherein the first non- 
coding sequence is expressed as a first sense cosuppression le^A tn^^ 
non^g sequence is expressed as a secc^d sense cosuppression imA 

and second sense cosuppression transcripts are not linked to each other. 

43. The recombinant nucleic acid molecule of claim 40, wherein the first set of 
DNA sequences is expressed as an antisense RNA transcript 

44 The recombinant nucleic acid molecule of claim 40. wherein the first non- 
coding sequence is expressed as a first antisense RNA transcript, an^ 
sequence is expressed as a second anfisense RNA transcript, and ^ 

transcripts are not hnked to each other. 

45 The recombinant nucleic acid molecule of claim 40. wherein the first set of 
DNA sequences is expressed as an RNA transcript capable of forming a sin^^ 

RNA molecule. 

46. The recombinant nucleic acid molecule of claim40. wherein said first set of 

.«™*ises a third nonK»ding sequence that is capable, when expressed 
DNA sequences fiirther conqmses a tmra nun-vwui© 

ixx a host cell, of suppressmg the endogenous expression of a FADS-IB gene. 

47. The recombinant nucleic acid molecule of claim 46. wherein said first non- 
coding sequence is a FAD2.1A sequence, said second non-coding sequence is a FADS-IA 
sequence, and said third non^oding sequence is a FADS-IB sequence. 

48. Therecombinantnucleic acidmolecule of claim47. wherein s^^FADI-lA 
sequence is selected from the group consisting of a FAD2. lA intron sequence, a FADl-lA 
3'UTR sequence, and a FAD2-1A 5'UTR sequence. 
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49. The recombinant nucleic acid molecide of claim 47, wherein said FADS-IA 
sequence is selected finom &e group consisting of ^FADS-^ J A intron sequence, a FADS-JA 3' 
UTR sequence, and a FADS- 1 A 5* UTR sequence. 

50. The recombinant nucleic acid molecule of claim 47, wherein said FADS- IB 
sequence is selected from the group consisting of a FADS-IB intron sequence, a FADS- IB 

3 'UTR sequence, and a FADS- IB 5 'UTR sequence, 

5 1 . The recombinant nucleic acid molecule of claim 40, wherein said first set of 
DNA sequences further conq>rises a third non-<:oding sequence that is capable, when expressed 
in a host cell, of suppressing tiie endogenous expression of a FATB gene. 

52. The recombinant nucleic acid molecule of claim 5 1, wherein said FATB 
sequence is selected from the group consisting of a FATB intron sequence, a FATB 3' UTR 
sequence, and a FATB 5' UTR sequence. 

53. The recombinant nucleic acid molecule of claim 39, further comprising a plant 
promoter operably linked to said first set of DNA sequences. 

54. The recombinant nucleic acid molecule of claim 53, wherein said plant 
promoter is a FAD2-1A promoter, a 7Sa promoter, or a 7Sa' promoter. 

55. The recombinant nucleic acid molecule of claim 39, wherein said second set of 
DNA sequences is c£q>able, when expressed^ of increasing the endogenous expression of at least 
two genes selected from the group consisting of a beta-ketoacyl-ACP synthase I gene, a beta- 
ketoacyl-ACP synthase IV gene, and a delta-9 desaturase gene. 

56. The recombinant nucleic acid molecule of claim 39, wherein said second set of 
DNA sequences is capable, when e}q)ressed, of increasing the endogenous ejqpression of a beta- 
fcetoacyl-ACP synthase I gene, a beta-ketoacyl-ACP synthase IV gene, and a delta-9 desaturase 
gene. 
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configuraticm. 

,g ^.,.«^,».d^c.c«nK,.~u...fcto39.»ber«n33idseco^sc.»f 

configuration. 

5, A recombtaant nucleic acid mokcvflcconvristag; 

^^ea^^enaosc^^--^^ ^ ^^^^ 

n>J A seauences comprises a first non-coomg 
oiDNAsequcu^^a r r^n^apne a first antiscnse 

^vnroesfis ft fiist aotisense RN A sequence vo|»» 
sequence that expresses a nrsi «„^odine sequence that expresses a 

BNAmoleculewithihefirstRNAsequence.asecondnon^dingsequenc pr 

nL A sequence that exhibits at least 90O/O identity to a non^^ 
second RNA sequence ^ 

oene and a second antisense sequence tot expresses a seoo 

. « ct^ndedBNAmoleculewiththesecondRNAsequence; 
capable of fomung a double-strand^ BNAtnol ^xoressed in a host cell, of 

andasecondsetofDNAsequencesthat^scapable..rbenexpressedin 

• „f,t least one aene selected fiom the group consisting of 
increasina the endogenous expression of at least one gene ^ , ,^ o 

mcreasingme s , t^ta tetoacyl-ACP synthase IV gene, and a delte-9 

abeta-ketoacyl-ACPsynthaseIgene.abeta-tetoacylAV. ^ 

desaturase gene. 

60 Tliereconibinantnucleicacidinoleculeofclairn59.whereinsaidnon^^ 

• 1 ♦Hlr™«theeroupconsistingofaF^2-i>4totronsequence,a 
legion of a FAD2 gene is selected from the group co 
FAD2.1A sequence. andaF^2-i>4 5'UTR sequence. 

^.econibinantnucleicacidnioleculeofclaini59,wberein^^ 
.,.onofa.^3geneisselect..onitogroupconsis^gofa.-3.Min.^^ 

jrAD3.1A yUTR sequence, and a F^5-i.4 5'Um sequence. 
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62. The recombinant nucleic acid molecule of claim 59, wherein said non-coding 
region of a FAD3 gene is selected firom the groiq> consisting of a FAD3-1B intron sequence, a 
FAD3-1B 3'UTR sequence, and a FAD3-1B 5'UTR sequence. 

63. The recombinant nucleic acid molecule of claim 59, wherein the first set of 
DNA sequences is expressed as an RNA transcript capable of forming a single double-stranded 
RNA molecule. 

64. The recombinant nucleic acid molecule of claim 59, further comprising a 
spacer sequence that separates the first and second non-coding sequences from the first and 
second antisense sequences such that the first set of DNA sequences is capable, when 
expressed, of forming a single double-stranded KNA molecule. 

65. The recombinant nucleic acid molecule of claim 64, wherein said spacer 
sequence is a spliceable intron sequence. 

66. The recombinant nucleic acid molecule of claim 65, wherein said spliceable 
intron sequence is a sfpliceable FAD3 intron #5 sequence or a spliceable PDK intron sequence. 

67. The recombinant nucleic acid molecule of claim 59, wherein said non-coding 
region of a FAD3 gene is a FAD3'1A sequence, and wherein said first set of DNA sequences 
fiirther comprises a third non-coding sequence that expresses a third RNA sequence that 
exhibits at least 90% identity to a non-coding region of a FAD3'1B gene, and a third antisense 
sequence that expresses a third antisense RNA sequence capable of forming a double-stranded 
RNA molecule with the third KNA sequence. 

68. The recombinant nucleic acid molecule of claim 59, fiirther comprising a third 
non-coding sequence that is capable of expressing a third RNA sequence that exhibits at least 
90% identity to a non-coding region of a FATB gene, and a third antisense sequence that is 
capable of expressing a third antisense RNA sequence capable of forming a double-stranded 
RNA molecule with the third RNA sequence. 
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59 Tta«<»nMna«™ol«c«>idn»l«uleofoto 

»lec«d from*. gr»^ o^Zof.FAW m«a sequence. .FAW V UIR 
seqpenoe, and a f ^32 5- UTR sequeoM. 

70 AroMmbmmtnudeicaddMteodecoinprising: 

a « ». rfDNA «,»ances a., is capable. «h» =f««.d in a ho« offl, of 

3,.pp^fl«cn4=8««u.«P«s«o.ofaFAD2g»e«^aFAD3s«^.-Kl 

.s.oond^ofDNAse,»enc»«c«p*csa«codingse,^cnce««c3p-,fe 

of «™ a CP4 EPSPS gene. «.d a s«ood ooding se,»c ft- is capable when 
,^ofine»-ng«-e«io.eno^e««»aion„fagene«..c«dftomd-8.«^ 

Of a .«,-ACP „nd^ I ^. a be^^e^acUACP ^ W gene, and 

a delta-9 desaturase gene. 

71 T^erecombinantnucleicacidxnolcculeofclaim70,whereinsaidf^ 

. ^ ^c^nfDNA sequences are located <m a single T-DNA region. 
DNA sequences and said second set of DNA sequence:. « 

72 mrecombinantnucleic acidmolecule of claimTO. wherein saidfirst set of 
sequences and said second coding sequence are located on a flr^ ^^^^ 

&st coding sequence is located on a second T-DNA region. 
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SEQUENCE LISTING 



<110> MONSANTO TECHNOLOGY LLC 

...0. »ucl.ic «id Co„..«c» an. H.thcas .or Proaucin, ««rea s.,^ oil 

Compos it ions 



<130> 16518.098 

<150> US 60/365,794 
<151> 2002-03-21 

<150> US 60/390,185 
<151> 2002-06-21 

<160> 41 

<170> Patentin version 3.1 

<210> 1 
<211> 420 
<212> DNA 

<213> Glycine max 

<220> 

<223> FM2-1A intron 1 
<400> 1 



gtaa.«a.a «9tg=ctg= .c«cg9g..= at«c.«« 999tt=.tca .a.t.gttga 
g^.ga«. ccccgaaat tga.t>:a.9c .«t.««t c=t««oa. «=t.9at« 
o«ga.g9C. t.».:gtag3 cacctaacta gtagctacaa tato.9C.ct tctct=t.tt 
9.t„.c.at t99Ct9ta.t gccacasta, «9.cg.tc, caacatttc, tsctggttac 
tttttgtttt at99tct9. tttcctctc tcftctct cc.ttc.ttt tata^tt^tc 
.ttatcttt. gatttttcc tacctggttt aaaattgagg gattgtagtt ctgttggtac 
atattacaca ttcagc«.. c«ctg.-.c tca.ctg.ac ttgtttatac tttgacacag 



<210> 2 

<211> 405 

<212> BNA 

<213> Glycine max 



<220> 

<223> FAD2-1B xntron 1 



<400> 2 

gtatgatgct aaattaaatt gtgcctgcac cccaggatat ttcatgtggg attcatcatt 
tattgaggaa aactctccaa attgaatcgt gcatttatat tttttttcca tttctagatt 
tcttgaaggc ttatggtata ggcacctaca attaccagca cttctctcta ttgataaaca 



60 
120 
180 
240 
300 
360 
420 



60 
120 
180 
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attggctgta ataccacagi: agagaacgat: 



cacaacattt tgtgctggtt accttttgtt 



240 



ttatggtcat gatttcactc tctct:aatct 



gtcacttccc tcca^tcatit ttigtacttct 



300 



catatttttc acttcctggt tgaaaat:t:gt: 



agttctcttg gtacatactia gtattagaca 



360 



ttcagcaaca acaactgaac tgaacttictit 



tatactttga cacag 



405 



<210> 3 
<211> 1704 
<212> DNA 
<213> Glycine max 

<220> 

<223> FAD2-1B promoter 
<400> 3 

actatagggc acgcgtggtc gacggcccgg gctggtcctc ggtgtgactc agccccaagt 60 

gacgccaacc aaacgcgtcc taactaaggt gtagaagaaa cagatagtat ataagtatac 120 

catataagag gagagtgagt ggagaagcac ttctcctttt tttttctctg ttgaaattga 180 

aagtgttttc cgggaaataa ataaaataaa ttaaaatictt acacactcta ggtaggtact 240 

tctaatttaa tccacactitt: gactctatat atgttttiaaa aataattata atgcgtactt 300 

acttcctcat tatactaaat ttaacatcga tgattttatt ttctgtttct cttctttcca 360 

cctacataca tcccaaaatt tagggtgcaa ttttaagttt attaacacat gtttttagct 420 

gcatgctgcc tttgtgtgtg ctcaccaaat: tgcattcttc tctttatatg ttgtatttga 480 

attttcacac catatgtaaa caagattacg tacgtgtcca tgatcaaata caaatgctgt 540 

cttatactgg caatttgata aacagccgtc cattttttct ttttctcttt aactatatat 600 

gctctagaat ctctgaagat tcctctgcca tcgaatttct ttcttggtaa caacgtcgtc 660 

gttatgttat tattttattc tatttttairt: ttatcatata tatttcttat tttgttcgaa 720 

gtatgtcata ttttgatcgt gacaattaga ttgtcatgta ggagtaggaa tatcacttta 780 

aaacattgat tagtctgtag gcaatattgt cttctttttc ctcctttatt aatatatttt 840 

gtcgaagttit taccacaagg ttgattcgct: ttttttgtcc ctttctcttg ttctttttac 900 

ctcaggtatt ttagtctttc atggattata agatcactga gaagtgtatg catgtaatac 960 

taagcaccat agctgttctg cttgaattta tttgtgtgta aattgtaatg tttcagcgtt 1020 

ggctttccct gtagctgcta caatggtact gtatatctat tttttgcatt gttttcattt 1080 

tttcttttac ttaatcttca ttgctttgaa attaataaaa caatataata tagtttgaac 1140 

tttgaactat tgcctattca tgtaattaac ttattcactg actcttattg tttttctggt 1200 

agaattcatt ttaaattgaa ggataaatta agaggcaata cttgtaaatt gacctgtcat 1260 



2 
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aa.tacacag gaccc.gttt tgtgcct,.t:t tgtctctgtc .ttggtt.tg catgt:tagcc 
tcacacagat a«tagt:agt tgttctgcat acaagcctca cacgtatact aaaccagtgg 
acctcaaagt catggcctta cacctattgc atgcgagtct gtgacacaac ccctggtttc 
catattgcaa tgtgctacgc cgtcgtcctt gtttgtttcc atatgt^atat tgataccatc 
aaattattat atcatttata tggtctggac cattacgtgt actctttatg acatgtaatt 
gagtttttta attaaaaaaa tcaatgaaat ttaactacgt agcatcatat agagataatt 
gact:agaaat ttgatgactt attctttcct aatcatattt tcttgtattg atagccccgc 
tgtccctttt aaactcccga gaga 



1320 

1380 

1440 

1500 

1560 

1620 

1680 

1704 



<210> 4 

<211> 4497 

<212> DNA 

<213> Glycine max 

<220> 

<223> FAD2-1A genomic clone 

<400> 4 



cttgcttggt aacaacgtcg tcaagttat^t attttgttct: tttt:tt:t:,:tt atcatatttc 
ttattttgtt ccaagtatgt catattttga tccatcttga caagtagatt gtcatgt:agg 
aataggaata tcactttaaa ttttaaagca ttgattagtc tgtaggcaat attgtcttct 
tcttcctcct tattaatatt ttttattctg ccttcaatca ccagttatgg gagatggatg 
taatactaaa taccatzagtt gttctgcttg aagtttagtt gtaeagttgt tctgcttgaa 
gtttagttgt gtgtaatgtt tcagcgttgg cttcccctgt aactgctaca atggt:actga 
atatatattt tttgcattsgt: tcattttt^ cttttactta atcttcattg ctttgaaatt 
aataaaacaa aaagaaggac cgaatagttt gaagtttgaa ctattgccta ttcatgtaac 
ttattcaccc aatcttatat agtttttctg gtagagatca ttttaaattg aaggatataa 
attaagagga aatacttgta tgtgatgtgt ggcaatttgg aagatcatgc gtagagagtt 
taatggcagg ttttgcaaat tgacctgtag tcataattac actgggccct ctcggagttt: 
tgtgcctttt tgt:t:gtcgct gtgtttggtt ctgcatgtta gcctcacaca gatatttagt 
agttgttgtt ctgcatataa gcctcacacg tatactaaac gagtgaacct caaaatcatg 
gccttacacc tattgagtga aattaatgaa cagtgcatgt gagtatgtga ctgtgacaca 
acccccggtt ttcatattgc aatgtgctac tgtggtgatt aaccttgcta cactgtcgtc 
cttgtttgtt tccttatgta tattgatacc ataaattatt actagtatat cattttatat 
tgtccatacc attacgtgtt tatagtctct ttatgacatg taattgaatt ttttaattat 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
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aaaaaataat 


aaaacttaat: 


tacgtactat 


aaagagatgc 


tcttgactag 


aattgtgatc 


1080 


tcctagtttc 


ctaaccatat 


actaatattt gcttgtattg 


atagcccct:c 


cgtiticccaag 


1140 


agtataaaac 


tgcatcgaa't 


aatacaagcc 


actaggcatg 


gtaaattiaaa 


ttcrtecc^QC 

■^m -^m ^m ^» ^m "m ^» 


1200 


acctcQQQat: 

^3 ^3 


atttcatgtig 


gggttcatca 


tatttgttga 


QQaaaacraaa 


cticccoaaat 


1260 

^m mm 


tigaa t atigc 


atttatiatiat 


cctt:tttcat 


ttctagattt 


cctaaaoorct 


^•^y y •-y •-^y y 


1320 


cacctaQctia 


cxtaorcliacaa 


tatcagcact tctctctiatt 


aataaacaati 


tacfctcriiaat 


1380 

^to W W 


crccacaatiao 


acrcra ccra t c a 


caacatttcg 


tgctggttac 


tttttatttt 

mm W W w %m \m W m^ 


a cTGf t ca tda 


144:0 
^ ^ W 


tttcactc^c 


tctaatictic^ 


ccattcattt 


tgt:agt:t:gtc 


alitiatc^'bta 

WW mm mm ^mm mm ^m mm m^V^ 


era ti 1 1 c ac 

^4 v& W V W W W%^V&^^ 


1500 


ti ac c t crcT't 1 1 


aaaattioraacr 


gattgtagtt 


ctgttggtac 




t^t^f*aacaaaa 


1560 


caactioaaac 


'kcaacticraac 


ttgtttatac 


tttgacacag 


CtCttlCtLaCtCAS. 


acf cr A a a t7 a a f* 


1620 

J* W A W 


^» *^ J ij " ijij 




tggcaaagtg 


gaagtticaag 


y y cicny cieiy w w 


w^ ivi^u>wctciyy 


1 ^ftO 

XD O U 


gt t c caaac a 


caaagccacc 


attcactgtt 


ggccaactca 


acra.a.a.ac t 


tccaccacac 

W V» V» ^» V« Vi» 


1740 


tigcttl^cagc 


QCtCCCtlCCt 


caclztcattc 


tcctatigttg 


ti ti t atioa.c! c t 

%m %m %m mA mm^^^^^m mm 


tticatt^tiacc 

mm mmmmCLmim w V^^^ 


1800 

•Jb w w w 


ttca^tzt^c^ 


acattgccac 


cacct:acttc 


cacctccttc 


c t c aa.cc c t 

^^^^ %m mm 


tteeetcatt 

W WV^%^\^ W^^C»li* w 


1860 

<x> w w w 


Gfca^crcrccaa 


ti c ti a 1 1 GTcrcr ti 


tctccaaggt 


tgccttctca 


^ "^y ^y ^y 


acri" era t" t" err* ^ 
yy i-y Q t» l«vj v.* t» 


^ ^ A W 


cacaacrtatcr 


Qtcaccatcrc 


cttcagcaag 


taccaatggg 




wy ^»y y y w w ^y 


1980 


acccttcact 


caacacttiti'b 


agtcccttat 


ttctcatigga 


aaataaacca 


tccfccacca^ 


204O 


cactccaaca 


caorottcccti 


tgaccgtgat 


gaagt:gtttg 


tcccaaaacG 

W w W W ^%G^w%%tf W 


aaaat'Cf^a^^a 


2100 

A JU V V 




tititiccaacfta 


cttaaacaac 


cctctaggaa 


aaac t crt 1 1 e 


tcttcteafcc 

W%« W W^rt W^«V4 W 


2160 


acactcacaa 


t aciQQ^Qac c 


tatgtattta 


gcc1:tcaal:g 


tctctciataa 


acGCt^aiioa^ 


2220 

mm 


agttttgcaa 


Qccactacca 


cccttatgct 


cccatatiatt: 


ctiaacccitcra 


y wyy w w wy 


2280 

A W W 


atctatig^ct 


ctQatattcic 


tttgttttct gtgactt:ac^ 


ctictctacca 


tiatiticicaacc 

W*J W W^%»B>C»^^V» 


2340 


ctgaaaqQQt 


tggtttgqct 


gctatgtgtt 


tatggggtgc 


mm mm mm mm^i^ ^m mm ^m^m^ m^ 


tiotiaaacaGrii 

w^ wjj^ww^^j w 


2400 

A# mm 


tttcttgtga 


ctiatcacata 


ttitgcagcac 


acacactittg 


CCttGFCCtlCa 

^m ^m m0 ^m ^m mm ^^mmm 


ttacoattca 

fc^^^ ^^^^ m^m mm ^v^^ww 


2460 

mm A mr 


tcagaatggg 


actggctgaa 


gggagctttg 


gcaactatgg 


acagagatta 


toraoa'btctci 


2520 


aacaaggtgt 


ttcatcacat 


aac^gatact 


catgtggctc 


accatctictit 

^m mm m^ mm ^m 


ctctiacaat^ci 

^m mm mm mmm^^^m imm mm 


2580 


ccacattacc 


atgcaatgga 


ggcaaccaat gcaatcaagc 


caatatliggg 


tgagtactac 


2640 

« 


caatttgatg 


acacaccatt 


ttacaaggca 


• 

ctgtggagag 


aagcgagaga 


gtgcctctat 


2700 


gtggagccag 


atgaaggaac 


atccgagaag ggcgtgtatt: 


ggtacaggaa 


caagtattga 


2760 


tggagcaacc 


aatgggccat 


agtgggagtt 


atggaagttt: 


tgtcatgtat 


tagtacataa 


2820 
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ttagtagaat gttataaata agtggatttg ccgcgtaa.g ac.ttgtgtg tattgtgaaa 
cagcttgttg cgatcatggt tataatgtaa aaataattct ggtattaatt acatgtggaa 
agtgttctgc ttatagcttt ctgcctaaaa tgcacgctgc acgggacaat atcattggta 
atttttttaa aatctgaatt gaggctactc ataatactat ccataggaca tcaaagacat 
gttgcattga ctttaagckg aggttcatct agaggattac tgcataggct tgaactacaa 
gtaatttaag ggacgagagc aactttagct ctaccacgtc gt:tttacaag gttattaaaa 
tcaaattgat cttattaaaa ctgaaaattt: gtaataaaat gctattgaaa aattaaaata 
tagcaaacac ctaaattgga ctgattttta gattcaaatt. taataattaa tctaaattaa 
acttaaattt tataatatat gtcttgtaat atatcaagtt ttttttttta ttattgagtt 
tggaaacata taataaggaa cattagttaa tattgataat ccactaagat cgacttagta 
ttacagtatt t^ggatgattt gtatgagata ttcaaac«c actcttatca taatagagac 
aaaagttaat: actgatggtg gagaaaaaaa aatgttattg ggagcatatg gtaagataag 
acggataaaa atatgctgca gcctggagag ctaatgtatt: ttttggtgaa gttttcaagt 
gacaactatt catgatgaga acacaataat attttctact: tacctatccc acataaaata 
ctgattttaa taatgatgat aaataatgat taaaatattt gattctttgt taagagaaat: 
aaggaaaaca taaatattct catggaaaaa tcagcttgta ggagtagaaa ctttctgatt 
ataattttaa tcaagtttaa ttcattcttt taattttatt attagtacaa aatcattctc 
ttgaatttag agatgtatgt tgtagcttaa tagtaatttt. ttatttttat aataaaattc 
aagcagtcaa atttcatcca aataatcgtg ttcgtgggtg taagtcagtt attccttctt 
atcttaatat acacgcaaag gaaaaaataa aaataaaatt cgaggaagcg cagcagcagc 
tgataccacg tt:ggt:tgacg aaactgataa aaagcgctgt: cattgtgtct ttgtttgatc 
atcttcacaa tcacatctcc agaacacaaa gaagagtgac ccttcttctt gttattccac 
ttgcgttagg tttctacttt cttctctctc tctctctctc tcttcattcc tcatttttcc 
ctcaaacaat caatcaattt tcattcagat tcgtaaattt ctcgattaga tcacggggtt 
aggtctccca ctttatcttt tcccaagcct ttctctttcc ccctttccct gtctgcccca 
taaaattcag gatcggaaac gaactgggtt cttgaatttc actctagatt ttgacaaatt 
cgaagtgtgc atgcactgat gcgacccact cccccttttt tgcattaaac aattatgaat 
tgaggttttt cttgcgatca tcattgcttg aattgaatca tattaggttt agattct 



2880 

2940 

3000 

3060 

3120 

3180 

3240 

3300 

3360 

3420 

3480 

3540 

3600 

3660 

3720 

3780 

3840 

3900 

3960 

4020 

4080 

4140 

4200 

4260 

4320 

4380 

4440 

4497 



<210> 5 

<211> 206 

<212> DMA 

<213> Glycine max 
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<220> 

<223> FAD2-1A 3'UTR 



<400> 5 

tggagcaacc aatgggccat agtgggagtt atggaagttt tgtcatgtat tagtacataa 



agtgttctgc ttatagcttt ctgcct 



60 



ttagtagaat gttataaata agtggatttg ccgcgtaatg actttgtgtg tattgtgaaa 120 
cagcttgttg cgatcatggt tataatgtaa aaataattct ggtattaatt: acatgtggaa 180 



206 



<210> 6 

<211> 125 

<212> DNA 

<213> Glycine max 

<220> 

<223> FAD2-1A 5'UTR 



<400> 6 

ccatatacta atatttgctt gtattigatag cccctccgtt cccaagagta taaaactgca 60 
tcgaataata caagccacta ggcatgggtc tagcaaagga aacaacaatg ggaggtagag 120 



gtcgt 



125 



<210> 7 

<211> 191 

<212> DNA 

<213> Glycine max 

<220> 

<223> FAD3-1A intron 1 



<400> 



gtaataattt ttgtgtttct tactcttttt tttttttttt tgtttatgat atgaatctca 



tgaattgaac a 



60 



cacattgttc tgttatgtca tttcttcttc atttggcttt agacaactta aatttgagat 120 
ctttattatg tttttgctta tatggtaaag tgattcttca ttatttcatt cttcattgat 180 



191 



<210> 8 

<211> 346 

<212> DNA 

<213> Glycine max 

<220> 

<223> FAD3'1A intron 2 

<400> 8 



ttagttcata ctggcttttt tgtttgttca tttgtcattg aaaaaaaatc ttttgttgat 



60 



6 
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tcaattattt ttatagtgtg tttggaagcc cgtttgagaa aataagaaat cgcatctgga 
al^gtgaaagt tataactatt tagcttcatc tgtcgttgca agttctttta ttggttaaat 
ttttatagcg tgctaggaaa cccattcgag aaaataagaa atcacatctg gaatgtgaaa 
gttataactg ttagcttctg agtaaacgtg gaaaaaccac attttggatt tggaaccaaa 
ttttatttga taaatgacaa ccaaattgat tttgatggat tttgca 



<210> 9 

<211> 142 

<212> DNA 

<213> Glycine max 

<220> 

<223> FM)3-1A intron 3A 

<400> 9 



gtatgtgatt aattgcttct cctatagtng ttcttgattc aattacattt tatttatttg 
gtaggtccaa gaaaaaaggg aatctttatg cttcctgagg ctgttcttga acatggctct 
tttttatgtg tcattatctt ag 



<210> 10 

<211> 1228 

<212> DNA 

<213> Glycine max 

<220> 

<223> PAD3-1A intron 4 



<400> 10 

taacaaaaat aaatagaaaa tagtgggtga acacttaaat gcgagatagt aatacctaaa 
aaaagaaaaa aatataggta taataaataa tataactttc aaaataaaaa gaaatcatag 
agtctagcgt agtgtttgga gtgaaatgat gttcacctac cattactcaa agattttgtt 
gtgtccctta gttcattctt attattttac atatcttact tgaaaagact ttttaattat 
tcattgagat cttaaagtga ctgttaaatt aaaataaaaa acaagtttgt taaaacttca 
aataaataag agtgaaggga gtgtcatttg tcttctttct tttattgcgt tattaatcac 
gtttctcttc tctttttttt ttttcttctc tgctttccac ccattatcaa gttcatgtga 
agcagtggcg gatctatgta aatgagtggg gggcaattgc acccacaaga ttttattttt 
tatttgtaca ggaataataa aataaaactt tgcccccata aaaaataaat attttttctt 
aaaataatgc aaaataaata taagaaataa aaagagaata aattattatt aattttatta 
ttttgtactt tttatttagt ttttttagcg gttagatttt tttttcatga cattatgtaa 
tcttttaaaa gcatgtaata tttttatttt gtgaaaataa atataaatga tcatattagt 



120 

180 

240 

300 

346 



60 
120 
142 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
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ct:cagaatgt 


ataaactaat 


aataat^t:ta 


tcactaaaag 


aaat:tctaat 


tbagtccata 


780 


aa^aagtaaa 


acaagtgaca 


attatatttt 


atatttactt 


aatgtgaaat 


aatactt:gaa 


840 


cattataata 


aaacttaatg 


acaggagata 


ttacatagtg 


ccataaagat 


attttaaaaa 

• 


900 


ataaaatcat 


taatacactg 


tactact:ata 


taatattcga 


tatatatttt 


taacatgatt 


960 


ctcaatagaa 


aaattgtatt 


gattatattt 


tattagacat 


gaatttacaa 


gccccgtittt 


102 0 


tcatttatag 


ctcttacctg 


tgatictattg 


ttttgcttcg 


ctgtttttgt 


tggtcaaggg 


1080 


aclitagatgt 


cacaatatta 


atactagaag 


taaatattta 


tgaaaacatg 


taccttacct 


1140 


caacaaagaa 


agtgtggtaa 


gtggcaacac 


acgtgttgca 


tt:tttggccc 


agcaatiaaca 


1200 


cgtgtttttg 


tggtgtacta 


aaatggac 








122 8 



<210> 11 

<211> 625 

<212> DNA 

<213> Glycine max 
<220> 

<223> FAD3-1A intron 5 

<400> 11 



gtacatttta 


ttgcttattc 


acctaaaaac 


aatacaatta 


gtacatttgt 


tttatctctt 


60 


ggaagttagt 


cattttcagt: 


tgcatgattc 


taatgctctc 


tccattctta 


aatcatgttt 


120 


tcacacccac 


ttcatttaaa 


ataagaacgt 


gggtgttatt 


ttaatttcta 


ttcactaaca 


180 


tgagaaatta 


acttatttca 


agtaataatt 


ttaaaatatt 


tttatgctat 


tattttatta 


240 


caaataatta 


tgtatattaa 


gtttattgat 


tttataataa 


ttatattaaa 


attatatcga 


300 


tat:t:aatttt 


tgattcactg 


atagtgtttt 


atattgttag 


tactgtgcat 


ttattttaaa 


360 


attggcataa 


ataatatatg 


taaccagctc 


actatactat 


actgggagct 


tggtggtgaa 


420 


aggggttccc 


aaccctcctt 


tctaggtgta 


catgctttga 


tacttctggt 


accttcttat 


480 


atcaatataa 


attatatttt 


gctgataaaa 


aaacatggtt 


aaccattaaa 


ttcttttttt 


540 


aaaaaaaaaa 


ctgtatctaa 


actttgtatt 


attaaaaaga 


agtctgagat 


taacaataaa 


600 


ctaacactca 


tttggattca 


ctgca 








625 



<210> 12 

<211> 98 

<212> DNA 

<213> Glycine max 

<220> 

<223> FAD3-1A intron 3B 



8 



BNSDOCID: <WO 



.Oa0808Q2A2_L> 



c c 



PCTAJS03/08610 
WO 03/080802 



rCstglt ttt«9.=« 39aag.c..= ..c«.t«t ta«.taata tsg«caaaa 
caatgacttt ttctttatga tgtgaactcc atttttta 



<210> 13 

<211> 115 

<212> DNA 

<213> Glycine max 



<220> 

<223> FAD3-1A intron 3C 



<400> 13 



aataacaa. «.c.=«.= .«a.«c« t«=ctcc« .t««.tt. .«ca.«« 
=c«.««a, .tttgaaata gtt.ccata. «a««a« g..«3a.:=at gLgc. 



<210> 14 

<211> 1037 

<212> DNA 

<213> Glycine max 

<220> 

<223> Fad3-lC intron 4 

<400> 14 



gtaacaaaaa taaatagaaa atagtgagtg aacacttaaa tgttagatac tacct.ct.c 
ttcttttttt tttttttttt gaggtt:aatg ctagataata gctagaaaga gaaagaaaga 
caaatatagg taaaaataaa taatataacc tgggaagaag aaaacataaa aaaagaaata 
atagagtcta cgtaatgttt ggatttttga gtgaaat:ggt gttcacctac cattactcaa 
agattctgtt gtctacgtag tgtttggact ttggagtgaa atggtgttca cctaccatta 
ctcagattct gttgt:g1:ccc ttagttactg tcttatattc ttagggt^ata ttctttattt 
tacatccttt tcacatctta cttgaaaaga ttttaattat tcattgaaat attaacgtga 
cagttaaatt aaaataataa aaaattcgtt aaaacttcaa ataaataaga gtgaaaggat 
catcattttt cttctttctt ttattgcgtt attaatcatg cttctcttct tttttttctt 
cgctttccac ccatatcaaa ttcatgtgaa gtatgagaaa atcacgattc aatggaaagc 
tacaggaacy ttttttgttt tgtttttata atcggaatta atttatactc cattttttca 
caataaatgt tacttagtgc cttaaagata atatttgaaa aattaaaaaa attattaata 
cactgtacta ctatataata. tttgacatat atttaacatg attttctatt gaaaatttgt 
atttattatt ttttaatcaa aacccataag gcattaattt acaagaccca tttttcattt 
atagctttac ctgtgatcat ttatagcttt aagggactta gatgttacaa tcttaattao 
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aagtaaatat ttatgaaaiaa catgtgtctt accccttaac ctitacctcaa caaagaaagt 



960 



gtgataagtg gcaacacacg tgttgctttt ttggcccagc aataacacgt gtttttgtgg 1020 



<210> 15 

<211> 4010 

<212> DNA 

<213> Glycine max 

<220> 

<223> partial FAD3-1A genomic clone 
<400> 15 

acaaagcctt tagcctatgc tgccaataat ggataccaac aaaagggttc ttcttttgat 60 

tttgatccta gcgctcctcc accgtttaag attgcagaaa tcagagcttc aataccaaaa 120 

cattgctggg tcaagaatcc atggagatcc ctcagttatg ttctcaggga tgtgcttgta 180 

attgctgcat tggtggctgc agcaattcac ttcgacaact ggcttctctg gctaatctat 240 

tgccccattc aaggcacaat gttctgggct ctctttgttc ttggacatga ttggtaataa 300 

tttttgtgtt tcttactctt tttttttttt ttttgtttat gatatgaatc tcacacattg 3 60 

ttctgttatg tcatttcttc ttcatttggc tttagacaac ttaaatttga gatctttatt 420 

atgtttttgc ttatatggta aagtgattct tcattatttc attcttcatt gattgaattg 480 

aacagtggcc atggaagctt ttcagatagc cctttgctga atagcctggt gggacacatc 540 

ttgcattcct caattcttgt gccataccat ggatggttag ttcatactgg cttttttgtt 600 

tgttcatttg tcattgaaaa aaaatctttt gttgattcaa ttatttttat agtgtgtttg 660 

gaagcccgtt tgagaaaata agaaatcgca tctggaatgt gaaagttata actatttagc 720 

ttcatctgtc gttgcaagtt cttttattgg ttaaattttt atagcgtgct aggaaaccca 780 

ttcgagaaaa taagaaatca catctggaat gtgaaagtta taactgttag cttctgagta 840 

aacgtggaaa aaccacattt tggatttgga accaaatttt atttgataaa tgacaaccaa 900 

» 

attgattttg atggattttg caggagaatt agccacagaa ctcaccatga aaaccatgga 960 

cacattgaga aggatgagtc atgggttcca gtatgtgatt aattgcttct cctatagttg 1020 

ttcttgattc aattacattt tatttatttg gtaggtccaa gaaaaaaggg aatctttatg 1080 

cttcctgagg ctgttcttga acatggctct tttttatgtg tcattatctt agttaacaga 1140 

gaagatttac aagaatctag acagcatgac aagactcatt agattcactg tgccatttcc 1200 

atgtttgtgt atccaattta tttggtgagt gattttttga cttggaagac aacaacacat 1260 

tattattata atatggttca aaacaatgac tttttcttta tgatgtgaac tccatttttt 1320 



tgtacaaaaa tggacag 



1037 



10 



<wo. 



.O3060802A2_L> 



c 



c 



PCT/US03/08610 



WO 03/080802 



agttttcaag aagccccgga aaggaaggct ctcacttcaa tccctacagc aatctgt.t.tc 
cacccagtga gagaaaagga atagcaatat caacactgtg ttgggctacc atgttttctc 
tgcttatcta tctctcattc attaactagt ccacttctag tgctcaagct ctatggaatt 
ccatattggg taactaaatt: actcctacat tgttactttt tcctcctttt ttttattatt 
tcaattctcc aattggaaat ttgaaatagt taccataatt atgtaattgt ttgatcatgt 
gcagatgttt gttatgtggc tggactttgt cacatacttg catcaccatg gtcaccacca 
gaaactgcct tggtaccgcg gcaaggtaac aaaaataaat agaaaatagt gggtgaacac 
ttaaatgcga gatagtaata cctaaaaaaa gaaaaaaata taggtataat aaataatata 
actttcaaaa taaaaagaaa tcatagagtc tagcgtagtg tttggagtga aatgatgttc 
acctaccatt actcaaagat tttgttgtgt cccttagttc attcttatta ttttacatat 
cttacttgaa aagacttttt aattattcat tgagatctta aagtgactgt taaattaaaa 
taaaaaacaa gtttgttaaa acttcaaata aataagagtg aagggagtgt catttgtctt 
ctttctttta ttgcgtstatt aatcacgttt ctcttctctt tttttttttt cttctctgct 
ttccacccat tatcaagttc atgtgaagca gtggcggatc tatgtaaatg agtggggggc 
aattgcaccc acaagatttt attttttatt tgtacaggaa taataaaata aaactttgcc 
cccataaaaa ataaatattt tttcttaaaa taatgoaaaa taaatataag aaataaaaag 
agaataaatt attattaatt ttattatttt gtacttttta tttagttttt ttagcggtta 
gatttttttt tcatgacatt atgtaatctt ttaaaagcat gtaatatttt tattttgtga 
aaataaatat aaatgatcat attagtctca gaatgtataa acta^taata attttatcac 
taaaagaaat tctaatttag tccataaata agtaaaacaa gtgacaatta tattttatat 
ttacttaatg tgaaataata cttgaacatt ataataaaac ttaatgacag gagatattac 
atagtgccat aaagatattt taaaaaataa aatcattaat acactgtact actatataat 
attcgatata tatttttaac atgattctca atagaaaaat tgtattgatt atattttatt 
agacatgaat ttacaagccc cgtttttcat ttatagctct tacctgtgat ctattgtttt 
gcttcgctgt ttttgttggt caagggactt agatgtcaca atattaatac tagaagtaaa 
tatttatgaa aacatgtacc ttacctcaac aaagaaagtg tggtaagtgg caacacacgt 
gttgcatttt tggcccagca ataacacgtg tttttgtggt gtactaaaat ggacaggaat 
ggagttattt aagaggtggc ctcaccactg tggatcgtga ctatggttgg atcaataaca 
ttcaccatga cattggcacc catgttatcc accatctttt cccccaaatt cctcattatc 
acctcgttga agcggtacat tttattgctt attcacctaa aaacaataca attagtacat 
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o 
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ttgttttatc 


tcttggaagt 


tagtcatttt 


cagttgcatg 


attctaatgc 


tictctccatt 


3X80 


cttaaatcat 


gttttcacac 


ccacttcatt 


taaaataaga 


acgtgggtgt 


tattttaatt 


3240 


tctattcact 


aacatgagaa 


attaacttat 


ttcaagtaat 


aattttaaaa 


tatttttatg 


3300 


ctattatttt 


a^tacaaata 


attatgtata 


ttaagtttat 


tgattttata 


ataattatat 


3360 


taaaattata 


tcgatattaa 


tttttgattc 


actgatagtg 


ttttatattg 


ttagtactgt: 


3420 


gcatttattt 


taaaattggc 


ataaaCaata 


tatigtiaacca 


gctcactata 


ctatactggg 


3480 


agcttggtgg 


tgaaaggggt 


tcccaaccct 


cc^ttctagg 


tgtacatgct 


ttgatacttc 


3540 


tggtaccttc 


ttatatcaat 


ataaattata 


ttttgctgat 


aaaaaaacat 


ggttaaccat 


3600 


taaattcttt 


ttttaaaaaa 


aaaactgtat 


ctaaactttg 


tattattaaa 


aagaagtctg 


3660 


agattaacaa 


taaactaaca 


ctcatttgga 


tt:cact:gcag 


acacaagcag 


caaaaccagt 


3720 


tcttggagat 


tactaccgtg 


agccagaaag 


atctgcgcca 


ttaccatttc 


atctaataaa 


3780 


gtatttaat:t 


cagagtatga 


gacaagacca 


cttcgtaagt 


gacactggag 


atgttgttta 


3840 


ttatcagact 


gattctctgc 


ticctccactc 


gcaacgagac 


tgagtttcaa 


actttttggg 


3900 


ttattatttia 


ttgattctag 


ctactcaaat 


tacttttttt 


ttaatgttat 

• 


gttttttgga 


3960 


gtttaacgtt 


ttctgaacaa 


cttgcaaatt 


actitgcatag 


agagacatgg 




4010 



<210> 16 

<211> 184 

<212> DNA 

<213> Glycine max 

<220> 

<223> FAD3-1A 3»UTR 
<400> 16 

gtttcaaact ttttgggtta ttatttattg gattctagct actcaaatta cttttttttt 
aatgttatgt tttttggagt ttaacgtttt ctgaacaact tgcaaattac ttgcatagag 
agacatggaa tatttatttg aaattagtaa ggtagtaata ataaattttg aattgtcagt 
ttca 



60 

120 
180 
184 



<210> 17 

<211> 143 

<212> DNA 

<213> Glycine max 

<220> 

<223> PAD3-1A 5'UTR 

<400> 17 

tgcggttata taaatgcact atcccataag agtatttttc gaagatttcc titcttcctat 



60 



12 
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tctaggtttt tacgcaccac gtatccctga gaaaagagag gaaccacact ctctaagcca 
aagcaaaagc agcagcagca gca 



<210> 18 

<211> 2683 

<212> DNA 

<213> Glycine max 



<220> , 

<223> partial FAD3-1B genomic clone 



120 
143 



gJtcUcac agcctctaca acatgttggt aatggtgcag ggaaagaaga tcaagcttat 
tttgatccaa gtgctccacc acccttcaag attgcaaata tcagagcagc aattccaaaa 
cattgctggg agaagaacac attgagatct ctgagttatg ttctgaggga tgtgttggta 
gtgactgcat tggtagctgc agcaatcggc ttcaatagct ggttcttctg gccactctat 
tggcctgcac aaggcacaat gttttgggca ctttttgttc ttggacatga ttggtaacta 
attattatta caaattgtta tgt:t:at:gtta tgttatgttg ttgtgccttt: ttctcagtga 
tgctttagtc atttcatttc acttggttat gcatgattgt tcgttcatat gttctgtcat 
ggtgagttct aatttgattg atgcatggaa cagtggtcat ggaagttttt caaacagtcc 
tttgttgaac agcattgtgg gccacatctt gcactcttca attcttgtac cataccatgg 
atggtcggtt cCtttagca acttttcatg ttcactttgt ccttaaattt ttttttatgt 
ttgttaaaaa atctttggtc tgatttaaca acctaaccat ttttacaact catggatttt 
ttgcaggaga attagccaca ggactcacca tcagaaccat ggccatgttg agaaggatga 
atcatgggtt ccggtattac tatgagtttg cttgattaat ttccacattt tt:t:ctttctt 
cttaatttta atcagtggtt agatttggtt gtgttccgat agaagaaaag ggggtatcta 
gagagatgtg aatttcatga agtggttcat gattatgtgt ctttatgcct: ttatgtcagc 
ttacagagaa agtttacaag aatctagaca acatgacaag aatgatgaga ttcactcttc 
ctttccccat ctttgcatac cccttttatt tggtgagacc ctctttttcc agaatgacag 
cattatttta ctatatagta cctcaatttt tatatttcta aaattttgaa ttcttgaaat 
tgaaaggaaa ggactttatt gggtctagca tctcactctc tctttgtgat atgaaccata 
tatttcagtg gagcagaagc cctggaaaag aaggctctca tttcaaccct tacagcaact 
tgttctctcc tggtgagaga agagal:gt:gc taacttcaac tctatgttgg ggcatcatgc 
tttctgtgct tctctatctt tccctcacaa tgggtccact ttttatgctc aagctctatg 
gggttcccta tttggtaatc tcactctcac actttcttta tacatcgcac gccagtgtgg 
gttatttgca acctacaccg aagtaatgcc ctataattaa tgaggttaac acatgtccaa 
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gtccaatatt ttgttcactt atttgaactt gaacatgtgt agatcttcgt catgtggctg 1500 

gatttcgtca cgtacttgca tcatcatggt tacaagcaga aactgccttg gtaccgtggc 1560 

caggtatccc atttaacaca atttgtttca ttaacatttt aagagaattt ttttttcaaa 1620 

atagttttcg aaattaagca aataccaagc aaattgttag atctacgctt gtacttgttt 1680 

taaagtcaaa ttcatgacca aattgtcctc acaagtccaa accgtccact attttatttt 1740 

cacctacttt atagcccaat ttgccatttg gttacttcag aaaagagaac cccatttgta 1800 

gtaaatatat tatttatgaa ttatggtagt ttcaacataa aacatactta tgtgcagttt 1860 

tgccatcctt caaaagaagg tagaaactta ctccatgtta ctctgtctat atgtaatttc 1920 

acaggaatgg agttatctaa ggggtggtct tacaacagta gatcgcgact atggttggat 1980 

caacaacatt caccatgaca ttggcaccca tgttatccat caccttttcc ctcaaattcc 2040 

acattatcat ttaatcgaag cggtattaat tctctatttc acaagaaatt attgtatgtc 2100 

tgcctatgtg atctaagtca attttcacat aacacatgat caaactttzct taattctttc 2160 

ttctaaattg aaaaagtgga ttatatgtca attgaaaatt ggtcaagacc acaaacatgt 2220 

gatgatctcc caccttacat ataataattt ctcctattct acaatcaata atccttctat 2280 

ggtcctgaat tgttcctttc ttttttcatt ttcttattct ttttgttgtc ccacaataga 2340 

ctaaagcagc aaaggcagtg ctaggaaagt attatcgtga gcctcagaaa tctgggccat 2400 

tgccacttca tctaataaag tacttgctcc acagcaHaag tcaggatcac ttcgttagcg 2460 

actctggcga cattgtgtac taccagactg attcccagct ccacaaagat tcttggaccc 2520 

agtccaacta aagtttttga tgctacattt acctatttca ctcttaaata ctatttccta 2580 

tgtaatatgt aatttagaat atgttaccta ctcaaatcaa ttaggtigaca tgtiataagct: 2640 

ttcataaatt atgctagaaa tgcacttact tttcaaagca tgc 2683 

<210> 19 

<211> 160 

<212> DNA 

<213> Glycine max 

<220> 

<223> FAD3-1B intron 1 
<400> 19 

gtaactaatt attattacaa attgttatgt tatgttatgt tatgttgttg tgcctttttc 60 

tcagtgatgc tttagtcatt tcatttcact tggttatgca tgattgttcg ttcatatgtt 120 

ctgtcatggt gagttctaat ttgattgatg catggaacag 160 



<210> 



20 
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<211> 119 
<212> DMA 

<213> Glycine max 
<220> 

<223> FAD3-1B intron 2 

llTc^rXL gcaacttttc atgttcactt tgtccttaaa ttttttttta tgtttgttaa 
aaaatctttg gtctgattta acaacctaac catttttaca actcatggat tttttgcag 



60 

119 



<210> 21 

<211> 166 

<212> DNA 

<213> Glycine max 
<220> 

<223> FAD3-1B intron 3a 

Itlllaoll. gagtttgctt gattaatttc cacatttttt ctttcttctt aattttaatc 60 



agtggttaga tttggttgtg ttccgataga agaaaagggg gtatctagag agatgtgaat 
ttcatgaagt ggttcatgat tatgtgtctt tatgccttta tgtcag 



120 



166 



<210> 22 

<211> 156 

<212> DNA 

<213> Glycine max 

<220> 

<223> PAD3-1B intron 3b 

^tgajaccct ctttttccag aatgacagca ttattttact atatagtacc tcaattttta 60 

tatttctaaa attttgaatt cttgaaattg aaaggaaagg actttattgg gtctagcatc 120 

156 

tcactctctc tttgtgatat gaaccatata tttcag 



<210> 23 

<211> 148 

<212> DNA 

<213> Glycine max 

<220> 

<223> FAD3-1B intron 3c 

^aa^ctcac tctcacactt tctttataca tcgcacgcca gtgtgggtta tttgcaacct 
acaccgaagt aatgccctat aattaatgag gttaacacat gtccaagtcc aatattttgt 
tcacttattt gaacttgaac atgtgtag 



60 
120 
148 
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<210> 24 

<211> 351 

<212> DNA 

<213> Glycine max 

<220> 

<223> FAD3-1B intron 4 
<400> 24 

taacacaatt tgtttcatta acattttaag agaatttttt tttcaaaata gttttcgaaa 



PCTAJS03/08610 



aagaaggtag aaacttactc catgttactc tgtctatatg taatttcaca g 



60 



ttaagcaaat accaagcaaa ttgttagatc tacgcttgta cttgttttaa agtcaaattc 120 

atgaccaaat tgtcctcaca agtccaaacc gtccactatt ttattttcac ctactttata 180 

gcccaatttg ccatttggtt acttcagaaa agagaacccc atttgtagta aatatattat 240 

ttatgaatta tggtagtttc aacataaaac atacttatgt gcagttttgc catccttcaa 3 00 



351 



<210> 25 

<211> 277 

<212> DNA 

<213> Glycine max 

<220> 

<223> FAD3-1B intron 5 



<400> 25 

gtattaattc tctatttcac aagaaattat tgtatgtctg cctatgtgat ctaagtcaat 



ttttcatttt cttattcttt ttgttgtccc acaatag 



60 



tttcacataa cacatgatca aactttctta attctttctt ctaaattgaa aaagtggatt 120 
atatgtcaat tgaaaattgg tcaagaccac aaacatgtga tgatctccca ccttacatat 180 
aataatttct cctattctac aatcaataat ccttctatgg tcctgaattg ttcctttctt 240 



277 



<210> 26 

<211> 158 

<212> DNA 

<213> Glycine max 

<220> 

<223> FAD3-1B 3'UTR 



<400> 26 

agtttttgat gctacattta cctatttcac tcttaaatac tatttcctat gtaatatgta 60 
atttagaata tgttacctac tcaaatcaat taggtgacat gtataagctt tcataaatta 120 



tgctagaaat gcacttactt ttcaaagca^ gctatgtc 



158 



<210> 27 
<211> 83 
<212> DNA 
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<213> Glycine max 

<220> 

<223> FAD3-1B 5'UTR 

^cJaltacga ctcactatag ggcaagcagt ggtatcaacg cagagtacgc gggggtaaca 
gagaaagaaa catttgagca aaa 



60 
83 



<210> 28 

<211> 4083 

<212> DNA 

<213> Glycine max 



<220> 

<223> FATB genomic clone 

^ggalacaac aaggacgcaa aatgacacaa tagcccttct tccctgtttc cagcttttct 
ccttctctct ctccatctto ttcttcttct tcactcagtc aggtacgcaa acaaatctgc 
tattcattca ttcattcctc tttctctctg atcgcaaact gcacctctac gctccactct 
tctcattttc tcttcctttc tcgcttctca gatccaactc ctcagataac acaagaccaa 
acccgctttt tctgcatttc tagactagac gttctaccgg agaaggttct cgattctttt 
ctcttttaac tttattttta aaataataat aatgagagct ggatgcgtct gttcgttgtg 
aatttcgagg caatggggtt ctcattttcg ttacagttac agattgcatt gtctgctttc 
ctcttctccc ttgtttcttt gccttgtctg atttttcgtt tttatttctt acttttaatt 
tttggggatg gatatttttt ctgcattttt tcggtttgcg atgttttcag gattccgatt 
ccgagtcaga tctgcgccgg cttatacgac gaatttgttc ttattcgcaa cttttcgctt 
gattggcttg ttttacctct ggaatctcac acgtgatcaa ataagcctgc tattttagtt 
gaagtagaat ttgttcttta tcggaaagaa ttctatggat ctgttctgaa attggagcta 
ctgtttcgag ttgctatttt ttttagtagt attaagaaca agtttgcctt ttattttaca 
tttttttcct ttgcttttgc caaaagtttt tatgatcact ctcttctgtt tgtgatataa 
ctgatgtgct gtgctgttat tatttgttat ttggggtgaa gtataatttt ttgggtgaac 
ttggagcatt tttagtccga ttgatttctc gatatcattt aaggctaagg ttgacctcta 
ccacgcgttt: gcgtttgatg ttttttccat ttttttttta tctcatatct tttacagtgt 
ttgcctattt gcatttctct tctttatccc ctttctgtgg aaaggtggga gggaaaatgt 
attttttttt tctcttctaa cttgcgtata ttttgcatgc agcgacctta gaaattcatt 
atggtggcaa cagctgctac ttcatcattt ttcoctgtta cttcaccctc gccggactct 
ggtggagcag gcagcaaact tggtggtggg cctgcaaacc ttggaggact aaaatccaaa 
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tctgcgtctt ctggtggctt gaaggcaaag 
acagttgtta catctaaaga aggcttcaag 
agaactttt:a tcaaccagtt gcctgattgg 
ttcttggccg ctgaaaagca gtggatgatg 
cttattgacc cctttgggat aggaaaaatt: 
ttttctatta gatcatatga gattggtgct: 
aaccatttgc aagtaagtcc gtcctcatac 
tatgctttga ctaagatagg gctgtttatt 
taatatcatt ctgttgttac ttttcatact 
ggaaactgca cttaatcatg ttaaaagtgc 
gccagaaat:g tgcaaaaaga acttgatatg 
acgctatcct: acatggttag tcatctagat 
catgttaagc tgctatttct ctgtctattt 
aaatatattc atggtaatta ttgagactta 
gtctggga'tg aaaattgatt agatacacaa 
tgtgcaacag agctattgat ctgtacaaga 
agataaggtg acttatcctt gtttaattat 
tttgcatttig ttttcttacc agttatatat 
gtataaagaa tgcaattatt ctgacttctt: 
gtattattat ggttattcta aatctaatta 
gggtgacata gttcaagtgg acacttgggt 
tgattggctt ttacgtgact gcaaaactgg 
atcattctct gtaattttcc ttcccctttc 
atcttaatgt gcacgatgct gattggacac 
ttatggaacc ctttcttttc tctcttgaag 
aaatcatttg aattttgcaa tgttaaaaaa 
acctctaatt: gaacaaactg aacattgtat 
tactgatgca tcaccttgga gcttgtaatg 
gttatggttt tggtgatcta cagtgtttgg 
tctaaaattc cagaagaagt cagacaggag 
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gcgcaagccc 


cttcgaaaat 


taatggaacc 


1320 


catgatgatg 


atctaccttc 


gcctcccccc 


1380 


agcatgcttc 


ttgctgctat 


cacaacaatt 


1440 


cttgattgga 


agccacggcg 


acctgacatg 


1500 


gttcaggatg 


gtcttgtgtt 


ccgtgaaaac 


1560 


gatcgtaccg 


catctataga 


aacagtaatg 


1620 


aagtgaatct 


ttatgatctt 


cagagatgag 


1680 


tagacactgt 


aattcaattt 


catatataga 


1740 


atatttatat 


caactatttg 


cttaacaaca 


1800 


tgggcttctt 


ggtgatggct 


ttggttccac 


1860 


ggtggttact 


cggatgcagg 


ttgtggtgga 


1920 


tcaacca1:ta 


catgtgattt 


gcaatgtatc 


1980 


Cagtaatctt 


tatgaggaat 


gatcactcct 


2040 


at^atgagaa 


ccaaaatgct 


ttiggaaattt: 


2100 


gctittataca 


tgatgaacta 


tgggaaacct 


2160 


gatgtagtat 


agcattaatt 


acatgttatt 


2220 


tgtaaaaata 


gaagctgata 


ctatgtattc 


2280 


accctictgtt 


ctgtttgagt: 


actactagat 


2340 


ggtgttgggt 


tgaagttaga 


taagctatta 


2400 


tctgaaattg 


tgtgtctata 


tttgcttcag 


2460 


ttctggatca 


gggaagaatg 


gtatgcgtcg 


2520 


tgaaatcttg 


acaagagctt 


ccaggtagaa 


2580 


cttctgcttc 


aagcaaattt 


taagatgtgt 


2640 


aattttaaat 


ctttcaaaca 


tttacaaaag 


2700 


atgcaaattt 


gtcacgactg 


aagt:tt:gagg 


2760 


gataatgaac 


tacatatttt 


gcaggcaaaa 


2820 


f~t 4— ^ t~r ^ ^ ^ ^ ^ 

c t. uaguu uac 


^» 4w ^ ^« 0^ «^ 4* 

ccaucagacu 


ucaucaugug 


o o o /^ 


aattacatat 


tagcattttc 


tgaactgtat 


2940 


gtcatgatga 


ataagctgac 


acggaggctg 


3000 


ataggatctt 


attttgtgga 


ttctgatcca 


3060 
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attctagaag aggataacag aaaactgact aaacttgacg acaacacagc ggattatatt 
cgtaccggtt taagtgtatg tcaactagtt tttttgtaat tgttgtcatt aatttctttt 
cttaaattat ttcagatgtt gctttctaat tagtttacat tatgtatctt cattcttoca 
gtctaggtgg agtgatctag atatcaatca gcatgtcaac aatgtgaagt acattgactg 
gattctggag gtatttttct gttcttgtat tctaatccac tgcagtcctt gttttgttgt 
taaccaaagg actgtccttt gattgtttgc agagtgctcc acagccaatc ttggagagtc 
atgagctttc ttccgtgact ttagagtata ggagggagtg tggtagggac agtgtgctgg 
attccctgac tgctgtatct ggggccgaca tgggcaatct agctcacagt ggacatgttg 
agtgcaagca tttgcttcga ctcgaaaatg gtgctgagat tgtgaggggc aggactgagt 
ggaggcccaa acctatgaac aacattggtg ttgtgaacca ggttccagca gaaagcacct 
aagattttga aatggttaac ggttggagtt gcatcagtct ccttgctatg tttagactta 
ttctggcctc tggggagagt tttgcttgtg tctgtccaat caatctacat atctttatat 
ccttctaatt tgtgttactt tggtgggtaa gggggaaaag ctgcagtaaa cctcattctc 
tctttctgct gctccatatt tcatttcatc tctgattgcg ctactgctag gctgtcttca 
atatttaatt gcttgatcaa aatagctagg catgtatatt attattcttt tctcttggct 
caattaaaga tgcaattttc attgtgaaca cagcataact attattctta ttatttttgt 
atagcctgta tgcacgaatg acttgtccat ccaatacaac cgtgattgta tgctccagct 



3120 
3180 
3240 
.3300 
3360 
3420 
3480 
3540 
3600 
3660 
3720 
3780 
3840 
3900 
3960 
4020 
4080 
4083 



cag 



<210> 
<211> 
<212> 
<213> 

<220> 
<223> 



29 
109 

DNA 

Glycine max 



FATB intron I 



gtacgcaiac aaatctgcta ttcattcatt cattcctctt tctctctgat c 
acctctacgc tccactcttc tcattttctc ttcctttctc gcttctcag 



60 
109 



<210> 30 

<211> 836 

<212> DNA 

<213> Glycine max 
<220> 

<223> FATB intron II 

gitcJcgaJt cttttctctt ttaactttat ttttaaaata ataataatga gagctggatg 



60 
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cgtctgttcg 


ttgtgaattt 


cgaggcaatg 


gggttctcat 


tttcgttaca gttacagatt 


120 


gcattgtctg 


ctttcctctt 


ctcccttgtt 


tctttgcctt 


gtctgatttt 


tcgtttttat 


180 


ttcttacttt 


taatttttgg 


ggatggatat 


tttttctgca 


ttttttcggt 


ttgcgatgtt 


240 


ttcaggattc 


cgattccgag 


tcagatctgc 


gccggcttat 


acgacgaatt 


tgttcttatt 


300 


cgcaactttt 


cgcttgattg 


gcttgtttta 


cctctggaat 


ctcacacgtg atcaaataag 


360 


cctgctattt 


tagttgaagt 


agaatttgtt 


ctttatcgga 


aagaattcta 


tggatctgtt 


420 


ctgaaattgg 


agctactgtt 


tcgagttgct 


atttttttta 


gtagtattaa 


gaacaagttt 


480 


gccttttatt 


ttacattttt 


ttcctttgct 


tttgccaaaa 


gtttttatga 


tcactctctt 


540 


ctgtttgtga 


tataactgat 


gtgctgtgct 


gttattattt 


gttatttggg 


gtgaagtata 


600 


a u u u u u uggg 


tgaacttgga gcatttttag 


tccgattgat 


ttctcgatat 


catttaaggc 


660 


taaggttgac 


ctctaccacg 


cgtttgcgtt 


tgatgtt:t:tt 


tccatttttt 


ttttatctca 


720 


tatcttttac 


agtgtttgcc 


tatttgcatt 


tctcttcttt 


atcccctttic 


tgtggaaggt 


780 


gggagggaaa 


atgtattttt 


tttttctctt 


ctaacttgcg 


tatattttgc 


atgcag 


836 



<210> 31 

<211> 169 

<212> DNA 

<213> Glycine max 

<220> 

<223> FATB intron III 
<400> 31 

gtaagtccgt cctcatacaa gtgaatcttt atgatcttca gagatgagta tgctttgact 60 
aagatagggc tgtttattta gacactgtaa ttcaatttca tatatagata atatcattct 120 
gttgttactt ttcatactat atttatatca actatttgct taacaacag 169 

<210> 32 

<211> 525 

<212> DNA 

<213> Glycine max 

<220> 

<223> FATB intron IV 
<400> 32 

gttagtcatc tagattcaac cattacatgt gatttgcaat gtatccatgt taagctgcta 60 
tttctctgtc tattttagta atctttatga ggaatgatca ctcctaaata tattcatggt 120 
aattattgag acttaattat gagaaccaaa atgctttgga aatttgtctg ggatgaaaat 180 
tgattagata cacaagcttt atacatgatg aactatggga aaccttgtgc aacagagcta 240 
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ttgatctgta caagagatgt agtatagcat taattacatg t^attagata aggtgactta 
tccttgt:t.ta attattgtaa aaatagaagc tgatactatg tattctttgc atttgttttc 
tt:accagt:ta tatataccct ctgttctgtt tgagtactac tagatgtata aagaatgcaa 
ttattctgac ttcttggtgt tgggttgaag ttagataagc tattagtatt attatggtta 
ttctaaatct aattatctga aattgtgtgt ctatatttgc ttcag 



<210> 33 

<211> 389 

<212> DNA 

<213> Glycine max 

<220> 

<223> FATB intron V 



Jtigiaatca ttctctgtaa ttttccttcc cctttccttc tgct:t:caagc aaattttaag 
atgtgtatct taatgtgcac gatgctgatt ggacacaatt ttaaatcttt caaacattta 
caaaagttat ggaacccttt cttttctctc ttgaaga.gc aaatttgtca cgactgaagt 
ttgaggaaat catttgaatt ttgcaatgtt aaaaaagata atgaactaca tattttgcag 
gcaaaaacct ctaattgaac aaactgaaca ttgtatctta gtttatttat cagactttat 
catgtgtact gatgcatcac cttggagctt gtaatgaatt acatattagc attttctgaa 
ctgtatgtta tggttttggt gatctacag 

<210> 34 

<2X1> 106 

<212> DNA 

<213> Glycine max 

<220> 

<223> PATB intron VI 

:atg:caact agtttttttg taattgttgt cattaatttc ttttc.taaa ttatttcaga 
tgttgctttc taattagttt acattatgta tcttcattct tccagt 

<210> 35 

<211> 82 

<212> DNA 

<2i3> Glycine max 

<220> 

<223> FATB intron VII 



gtat^tttct gttcttgtat tctaatccac tgcagtcctt gttttgttgt 
actgtccttt gattgtttgc ag 



300 

360 

420 

480 

525 



60 
120 
180 
240 
300 
360 
389 



60 
106 



<400> 35 ♦.^r.a^h^^ft attttattcTt taaccaaagg 60 

82 
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<210> 36 

<211> 208 

<212> DNA 

<213> Glycine max 

<220> 

<223> FATB 3'UTR 
<400> 36 

gatttgaaat ggttaacgat tggagttgca tcagtctcct tgctatgttt agacttattc 60 
tggttccctg gggagagttt tgcttgtgtc tatccaatca atctacatgt ctttaaatat 120 
atacaccttc taatttgtga tactttggtg ggtaaggggg aaaagcagca gtaaatctca 180 
ttctcattgt aattaaaaaa aaaaaaaa 208 

<210> 37 

^ <211> 229 

<212> DNA 

<213> Glycine max 

<220> 

<223> FATB 5'UTR 
<400> 37 

acaattacac tgtctctctc ttttccaaaa ttagggaaac aacaaggacg caaaatgaca 60 
caatagccct tcttccctgt ttccagcttt tctccttctc tctctctcca tcttcttctt 120 
cttcttcact cagtcagatc caactcctca gataacacaa gaccaaaccc gctttttctg 180 
catttctaga ctagacgttc taccggagaa gcgaccttag aaattcatt 229 

<210> 38 
<211> 1398 
<212> DNA 

<213> Cuphea pulcherrima 
<220> 

<223> KAS I gene 
<400> 38 

atgcatticcc tccagtcacc ctcccttcgg gcctccccgc tcgacccctt ccgccccaaa 60 
tcatccaccg tccgccccct ccaccgagca tcaattccca acgtccgggc cgctCccccc 120 
accgtctccg ctcccaagcg cgagaccgac cccaagaagc gcgtcgtgat caccggaatg 180 
ggccttgtct ccgttttcgg ctccgacgtc gatgcgtact acgacaagct cctgtcaggc 240 
gagagcggga tcggcccaat cgaccgcttc gacgcc^cca agttccccac caggttcggc 300 
ggccagattc gtggcttcaa ctccatggga tacattgacg gcaaaaacga caggcggctt 360 
gatgattgcc ttcgctactg cattgtcgcc gggaagaagt ctcttgagga cgccgatctc 420 
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ggtgccgacc gcctctccaa gatcgacaag gagagagccg gagtgctggt tgggacagga 
atgggtggtc tgactgtctt ctctgacggg gttcaatctc ttatcgagaa gggtcaccgg 
aaaatcaccc ctttcttcat cccctatgcc attacaaaca tggggtctgc cctgctcgct 
attgaactcg gtctgatggg cccaaactat tcaatttcca ctgcatgtgc cacttccaac 
tactgcttcc atgctgctgc taatcatatc cgccgtggtg aggctgatct tatgattgct 
ggaggcactg aggccgcaat cattccaatt gggttgggag gctttgtggc ttgcagggct 
ctgtctcaaa ggaacgatga ccctcagact gcctctaggc cctgggataa agaccgtgat 
ggttttgtga tgggtgaagg tgctggagtg ttggtgctgg agagcttgga acatgcaatg 
aaacgaggag cacctattat tgcagagtat ttgggaggtg caatcaactg tgatgcttat 
cacatgactg acccaagggc tgatggtctc ggtgtctcct: cttgcattga gagtagcctt 
gaagatgctg gcgtctcacc tgaagaggtc aattacataa atgctcatgc gacttctact 
ctagctgggg atctcgccga gataaatgcc atcaagaagg ttttcaagaa cacaaaggat 
atcaaaatta atgcaactaa gtcaatgatc ggacactgtc ttggagcctc tggaggtctt 
gaagctatag cgactattaa gggaataaac accggctggc ttcatcccag cattaatcaa 
ttcaatcctg agccatccgt ggagttcgac actgttgcca acaagaagca gcaacacgaa 
gttaatgttg cgatctcgaa ttcatttgga ttcggaggcc acaactcagt cgtggctttc 
tcggctttca agccatga 



<210> 39 

<211> 1218 

<212> DNA 

<213> Cuphea pulcherrima 



iJgg^tgtgg tgactcctct aggccatgac cctgatgttt tctacaataa tctgcttgat: 
ggaacgagtg gcataagcga gatagagacc tttgattgtg ctcaatttcc tacgagaatt 
gctggagaga tcaagtcttt ctccacagat ggttgggtgg ccccgaagct ctctaagagg 
atggacaagt tcatgctata catgctgacc gctggcaaga aagcattaac agatggtgga 
atcaccgaag atgtgatgaa agagctagat aaaagaaaat gcggagttct cattggctca 
gcaatgggtg gaatgaaggt attcaatgat gccattgaag ccctaaggat ttcatataag 
aagatgaatc ccttttgtgt acctttcgct accacaaata tgggatcagc tatgcttgca 
atggacttgg gatggatggg gcccaactac tcgatatcta ctgcttgtgc aacgagtaac 
ttttgtataa tgaatgctgc gaaccatata atcagaggcg aagcagatgt gatgctttgc 
gggggctcag atgcggtaat catacctatt ggtatgggag gttttgttgc atgccgagct 



480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1398 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
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ttgtcccaga 


gaaattccga 


ccctactaaa 


gcttcaagac 


cat:gggacag 


taatcgtgat 


DO U 


ggatttgtta 


tgggggaagg 


agctggagtg 


ctactactag 


aggagttgga gcatgcaaag 


/ A V 


aaaagaggtg cgactattta cgcagaattt ctaggtggga gtttcacttg cgatgcctac 


"7 Q A 


wawaugaccg 


agcctcaccc 


tgatggagct 


ggagtgauuc 


wccgcatiaga 


gaaggctttg 


AA f\ 
D4 U 


gcccagccag 


gagtctctag 


ggaagacgta 


aauuacacaa 


argcccatgc 


caca^ccact 


Q n A 


ccggctggag 


atatcaaaga gtaccaagct 


cttatccact 


gtttcggcca 


aaacagagag 


u 


ttaaaagtta 


attcaaccaa 


atcaatgat:t 


ggtcaccttc 


tcggagcagc 


cggtggtgtg 




gaagcagttt 


cagtagttca 


ggcaataagg 


actgggtgga 


tccatccgaa 


tattaatttg 


t A O /*k 


gaaaacccag 


atgaaggcgt 


ggatacaaaa 


ttgctcgtgg 


gtcctaagaa 


ggagagactg 


1140 


aacgttaagg 


tcggtttgtc 


taattcattt: 


gggtttggtg 


ggcacaactc 


gtccatactic 


1200 


ttcgcccctt 


acatctag 










1218 



<210> 40 

<211> 1191 

<212> DNA 

<213> Rlclnus coxnmiinis 
<220> 

<223> delta- 9 desaturase 

<400> 40 



atggctctca 


agctcaatcc 


tttcctttct 


caaacccaaa 


agttaccttc 


tttcgctctt 


60 


ccaccaat:gg 


ccagtaccag atctcctaag 


ttctacatgg 


cctctaccct 


caagtctggt 


120 


tctaaggaag 


ttgagaatct 


caagaagcct 


ttcatgcctc 


ctcgggaggt 


acatgttcag 


180 


gttacccatt 


ctatgccacc 


ccaaaagatt 


gagatcttta 


aatccctaga 


caattgggct: 


240 


gaggagaaca 


ttctggttca 


tctgaagcca 


gttgagaaat 


gttggcaacc 


gcaggatttt 


300 


ttgccagatc 


ccgcctictga 


tggatttgat 


gagcaagtca 


gggaactcag 


ggagagagca 


360 


aaggagattc 


ctgatgatta 


ttttgttgtt 


ttggttggag 


acatgataac 


ggaagaagcc 


420 


cttcccactt 


atcaaacaat 


gctgaatacc 


ttggatggag 


ttcgggatga 


aacaggtgca 


480 


agtcctactt 


cttgggcaat 


ttggacaagg 


gcatggactg 


cggaagagaa 


tagacatggt 


540 


gacctcctca 


ataagtatct 


ctacctatct 


ggacgagtgg 


acatgaggca 


aattgagaag 


600 


acaattcaat 


atttgattgg 


ttcaggaatg 


gatccacgga 


cagaaaacag 


tccatacctt 


660 


gggttcatct 


atacatcatt 


ccaggaaagg 


gcaaccttca 


tttctcatgg gaacactgcc 


720 


cgacaagcca 


aagagcatgg 


agacataaag 


ttggctcaaa 


tatgtggtac 


aattgctgca 


780 


gatgagaagc 


gccatgagac 


agcctacaca 


aagatagtgg 


aaaaactctt 


t gaga tt gat 


840 


cctgatggaa 


ctgttttggc 


ttttgctgat 


atgatgagaa 


agaaaatttc 


tatgcctgca 


900 
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cacttgatgt: atgatggccg agatgataat ctttttgacc acttttcagc tgttgcgcag 
cgtcttggag tctacacagc aaaggattat gcagatatat tggagttctt ggtgggcaga 
tggaaggtgg ataaactaac gggcctttca gctgagggac aaaaggctca ggactatgtt 
tgtcggttac ctccaagaat tagaaggctg gaagagagag ctcaaggaag ggcaaaggaa 
gcacccacca tgcctttcag ctggattttc gataggcaag tgaagctgta g 



960 
1020 
1080 
1140 
1191 



<210> 41 

<211> 1194 

<212> DNA 

<213> Simmondsia chinensis 



<220> 

<223> delta- 9 desaturase 

Itggcgttga agcttcacca cacggccttc aatccttcca tggcggttac ctcttcggga 
cttcctcgat cgtatcacct cagatctcac cgcgttttca tggcttcttc tacaattgga 
attacttcta aggagatacc caatgccaaa aagcctcaca tgcctcctag agaagotcat 
gtgcaaaaga cccattcaat gccgcctcaa aagattgaga ttttcaaatc cttggagggt 
tgggctgagg agaatgtctt ggtgcatctt aaacctgtgg agaagtgttg gcaaccacaa 
gattttctac ccgacccggc ctccgaggga tttatggatc aagtcaagga gttgagggaa 
agaaccaaag aaatcccgga tgagtacctt gtggtgttgg ttggcgatat gatcactgaa 
gaagctcttc cgacctacca gacgatgcta aacacgctcg atggagtacg tgatgagacg 
ggtgccagcc ttacttcttg ggctatctgg acccgggcat ggaccgctga agagaatagg 
cacggtgatc ttttgaacaa gtatctttac cttactggtc gagttgacat gaagcagata 
gagaagacaa tccagtatct aatcggatct ggaatggacc ctcgaagtga aaacaacccc 
tatctaggct tcatctacac ttccttccaa gagagagcaa ccttcatctc ccatggaaac 
accgctaggc tcgccaaaga ccacggcgac tttcaactag cacaagtatg tggcatcatc 
gctgcagatg agaagcgcca cgaaactgcc tacacaaaaa ttgtcgaaaa gctctttgaa 
atcgacccag acggcgctgt tctagcacta gctgacatga tgagaaagaa ggtttccatg 
ccagcccact taatgtatga tggcaaagat gacaatctct ttgagaacta ctcagccgtc 
gctcaacaaa ttggagttta caccgcgaag gactacgctg acatcctcga acacctcgtt 
aatcgctgga aagtcgagaa tttaatgggt ctgtctggcg agggacataa ggctcaagat 
ttcgtatgtg ggttggcccc gaggatcagg aaactcgggg agagagctca gtcgctaagc 
aaaccggtat ctcttgtccc cttcagctgg attttcaaca aggaattgaa ggtt 



60 

120 

180 

240 

300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1194 
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Box I Observations where certain claims were found unseardiabie (Continuation of Item 1 of first sheet) 



This mtematioiial report has not been established in respect of certain claims under Article 17(2)(a) for tiie following reasons: 

1. □ Claim Nos.: 

because diey relate Co subject matter not required to be searched by this Authori^, namely: 



2. 



□ 



Claim Nos.: 



because they relate to parts of the international ^plication that do not comply with the prescribed requirements to 
such an extent that no meaningful international search, can be carried out, qfiecifically : 



3. □ 

6.4(a). 



Claim Nos.: 

because they are dependent daims and are not drafted in accordance with the second and third sentences of Rule 



Box n Olsservations where unity of invention is lacking (Continuation of Item 2 of first sheet) 

This Infieraational Searching Autliority found multiple inventions in this tntemnrinnfti ^plication, as follows: 
Please See ContinuatiQn Sheet 



1. 
2. 
3. 



As all required additional search fees were timely paid by tlie s^iplicant, this inCematlQnal search rcporc covers ail 
searchable claims. 

I I As all searchable claims could be searched without effort justiiyii^ an additional fee, this Authority did not invite 
paynaent of any additional fee. 

As only some of the required additional seardi fees were timely paid by the applicant, this international search 
r^ort covers only those claims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timdy paid by the i^plicant. Consequently, this international search report 
is restricted to the invention first mentioned in the claims; it is covered by claims Nos. : 1 



Remarlt on Protest 



The additional search fees were accompanied by the applicant's protest. 
No protest accompanied the payment of additional search fees. 
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BOX n. OBSERVATIONS WSESE UNITY OT^^^^^""^^ linted as to form a single general 

Sus appUc«k« contains ^ f^f-^^^Z 7m^^^ «^ ^ '""^ ..^on fees must 

inventive concept under PCT Rule 1 J. i. moriwai 

Gro^ n. clain.(s) 1-6. dra^»a.n««g«uc soybeanseedl.^^^ 
Group m. clainKs) 7 and 13-21. drawn to soybean oil. 

Group IV. clain»(s) 8. dravn to soybean meal. . 

^ . ««.^ofsoybeanseedsthatisatleast25%con^ofsoybeanseedshavuu5aspe^ 
Group V . cums) 9, drawn to a contamer of soy bean seeos u«u. 

add composition. _ . ... 

J • /ii sn«. hv weieht ol«c anad, 10-30* by weight 

Group Vra . claim(s) 24. drawn to f eedstodc deri^d ftom the plant of claim 23 . 
Group IX. ^s) 27-30. drawn to a transformed plant con^rising two sets of DMA s«pences. 
Gr«, X. daimCs) 31-35 . drawn to a n^thod of altering oil composition of a plant ceU. 

.y,^^ „f nroAicine a transformed plant with reduced saturated fatty acid content. 
Group XI. claim(s) 36-38. drawn to a method of producing a transiormB p 
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Gro^> XVra. claim 56, drawn to a recombioaiit mideic acid comprisiiig a first set of DNA sequences for suppression of at least two 
genes and a second set of DNA sequences for increasing expression of at least three genes. 

Giaap XDC. claims 59-63, draw to a recombinant nucleic acid con^jrising FAD2 and FAD3 genes in antisense. 

Qroi^ XX, claim 64, draw to a reccnobinant nucleic acid conprising FAD2 and FAD3 genes in antisense furdier comDrisina a 
spacer to fonn double stranded DNA. wmpnamg a 

Group XXI. daims 65 and 66, drawn to a recombinant nucleic acid con5)rising FAD2 and FAD3 genes in antisense further 
comprising a spacer to form double stranded DNA wiierein a spliceable inlron is the spacer. 

Gioup XXII. claim 67, drawa to a recombinant nucleic acid with a third antisense sequence to FAB- IB. 

Group XXin, claims 68 and 69, drawn to a recombinant nucleic acid widi a third antisense sequence to FATB. 

Group XXTV, claims 70-72, drawn to a recombinant nucleic acid with a second set of DNA sequences citable of e3q>ressii^ a CP4 
£PSPS. 



The uiventions listed as Groi:ps I-XXIV do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT 
Rule 13.2. they lack the same or corresponding special technical feadires for the following reasons: The inventions of Qroaps I-XXTV 
lack a corresponding special technical feature as evidenced by the prior art reference of U.S. Patent 5,714.670 (see column 25, line 
42). which teaches a soybean seed having die fatty acid profHe set forth in claim I . Therefore, there is no fecial techmcai feature 
that distinguishes the claimed inventions from the prior art. In addition, the products of Groups I-IX and XII-XXIV are each 
chemically, structurally and functionally distinct one from each of the others; and the methods of Graaps X and XI differ one from 
the other in that tbey each use different starting materials and result in different products. Furthermore, die products required in the 
methods of Groins X and XI differ in content and scope from the products of Graaps I-IX and XXIV, and there is no correapondnig 
special technical feature. 



Form PCT/ISA/210 (second sheet) (July 1998) 



.03080802A3_L> 



c 



